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Chapter 1
E,
INTRODUCTION
Robert N. Colwell
x
The material appearing in this Progress Report reflects
our concentration on the preparation of procedural manuals
that deal with applications of remote sensing to the inventory
and management of natural resources.
p
In conformity with our NASA-approved plan we have arrived
at either the final or the near-final iteration of our various
.} procedural manuals that deal with applications of remote sensing
to water resources.	 Now, as we are nearing the termination
date for this grant we are concentrating our 'efforts _on the
Ll
preparation of procedural manuals that deal with applications of
remote sensing to an area's entire "complex" of earth resources,
i	 vegetation,	 of s	 eol	 and water resources.includ¢,no its 	 s	 l	 g ogy	
These Procedural Manuals will continue to be subjected to
the finalizeduser agency reaction. 	 Furthermore, 	 versions will
;
be prepared:	 (1) in both abridged and unabridged versions,
a
the latter providing much more complete step-wise descriptions 	 3
and documentation than the former and (2) in degrees of ag-
gregation ranging from a single aspect per manual co all aspects.
We are completing, for example, three separate Procedural Manuals
relative to aspects of water-supply estimation by remote sensing--
those dealing, respectively, with snow areal extent, 	 snow water
:[ content, and evapotranspiration. 	 These in turn will be con.-
piled (with suitable integration) into one manual dealing with the
estimation of water supply.	 Finally the integrated grater sup-
--	 s 	 a —
.t
Li
-2-
ply volume will be further integrated with similar Procedural
1 Manuals dealing with one aspect or another of remote sensing
1
in relation to the estimation of water demand.	 Thus, the
it
rather sizable overall document will be foruse of those con-
cerned with all aspects of water resource management (both the
.,
supply and the demand aspects) while each of its various sub-
.4
divisions, when made to stand alone, will better serve the
needs of those concerned with only one limited aspect or another
of this management ,problem.
A major part of the rationale for our having concentrated
our remote sensing research on California's water resources for
the past several years resides in the following facts:
(1)	 From the economic standpoint, water is the most
important resource obtainable from California's vast wildland
areas, i.e., from the areas in which, because of difficulty
of access on the ground, remote sensing is most needed.
(2) Since the supply of water that is present in California's
c wildland areas tends to fluctuate far more from season-to-season
` and year-to-year than does the supply of the other resources
found there, the importance of remote sensing as an aid to the
t
making of frequent and periodic inventories (i.e., to the
"monitoring")`of California's water supply becomes even greater.
(3) Virtually all of California's most important industry,
	
'.I
F viz., agriculture, 	 is very heavily
 dependent 
up 
on water. -In
y	 y	 p	
w,
fact, the water required to irrigate California's agricultural
	 i
E crops presently constitutes more than 80 percent of California's 	 -^1
j total water demand- `-the rest coming primarily from various
1
j y industrial,
	 commercial, and domestic uses. 	 Furthermore	 just
F as tlae supply of this water can vary dramatically from season-
.
1-2
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7
to-season and year-to-year, so can the demand for it. Con
'	 scquently, in view of the vastness of California's agricultural
lands, and the frequency with whichthe water resource manager
,r
,t'	
needs current,' accurate information on the water demands that
{ .,
are being imposed by those lands, remote sensing constitutes
i^	 a means of great potential importance for the inventory and
z
}	 monitoring of water demand
(4) Not only in California, but also in many other parts of
^.
the world, increasingly, water is becoming an reasin 1 critical resource
..
	
	 in relation to the economic well--being of mankind	 It is
probable that remote sensing -techniques of the type which we
have been developing for the inventory and monitoring of
California's water resources could be applied, with only slight
modification, to other parts of the world as well.`
The approach that has just been described is being used
as we broaden our studies so as to include the entire earth
resource complex, area-b -area in selected arts of California.p	 y	 P
With respect to the preparation of these more comprehensive
Procedural Manuals, we frequently have discussions with various
- resource managers in California including (1) California's
Regional Forester of the U. S. Forest Service; (2) the Super-
:.'	 visors of various U. S. National Forests in California; (3'
rV
'their counterparts in California's State government, and (4)
Vt	 those concerned with resource management for representative
.^, ,
county governments and private industrial groups. As a result
of these discussions we are learning, area-by-area, and example
I;	 by examp le that (1) in some instances it would be preferable
(	 .at ^^
	
	 from the intended user's standpoint for arty given Procedural
Manual to deal with remote sensing as applied to only a single
1-3
^,....	 .
{
_4_
resource because the management objective, quite simply } ' is to
obtain maximum production or benefit from that single resource,
even at the expense of receiving reduced production or benefits
j
from other r'esources that pervade the same area and (2) in
other instances it would be preferable for the Procedural Manual
Ij to deal with remote sensing as applied to the inventory and
t management of multiple resources or, indeed, to the entire
:_4{ "resource complex".	 In instances of this second type the policy
f which the resource manager has been told to implement is one
:-y that recognizes the "tradeoffs" that necessarily result when
efforts are made to favor one resource over another. 	 Hence,
he has the nontrivial task of managing the entire porperty
that has been entrusted to 11im in such a way as to provide an
optimum "mix" of resource products. 	 It, therefore, will be
^
our objective, as we produce this second type of remote	 J
sensing-oriented Procedural Manual, to present a step-wise
procedure, complicated though it necessarily will be, for
inventorying an area's entire resource complex.
,a
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Chapter 2
WATER SUPPLY STUDIES BY THE DAVIS CM- , PUS GROUPi
Co-Investigator: Ralph Algazi
i Contributor Minsoo Suk
.i
,i
(Explanatory Note by R. N. Colwell, Principal Investigator
MA of the Integrated Study that is being performed under thisgrant)
Attention is invited to Special Study No. 3 in the
present Progress Report entitled "Satellite Land Use Acquisition
rui; and Applications to IIydrologic Planning."	 That report was
prepared by the long-time Co-Investigator from the Davis Campus
for this NASA-funded, integrated study, 	 (Dr. Ralph Algazi) and
1
f,
9
by his associate Dr. Minsoo Suk. 	 Furthermore,	 the material	 3
contained in that Special Study is highly compatible with the -
emphasis that has been given during the past several years by all 	 1
j
of our study participants relative to the'remote sensing of
' California's water resources.	 Nevertheless,'that -material does
not appear in this Progress Report as a complete chapter, even
though the contributions from Algazi et a1, have been so treated
r
j
in the past.
	 This change merely reflects the orderly transition
l
that has been occurring during the past year (with NASA ap-
proval) as the Algazi team has been bringing to a close its
'
t
studies as funded under this particular NASA grant, and trans-wFil
ferring.its remote sensing,-related activities to follow-on
programs under separate funding.
The change just described is regarded by all concerned
	 }
i
parties, both within NASA and within the University of
	 }
Gal forz-iia, as a heals'ay transition.
	 This is especially so
because the newly directed efforts of the Algazi team are
^^1
	
a
4"
I'1
brought about by their having been designated as participants
in an Applications Systems Verification Test relative to uses
that can be made of remote sensing in the estimation of water
supply. Thus their re-directed efforts represent a logical step
toward bringing about the acceptance by user agencies of certain
kinds of remote sensing technology that have been developed, at
least in. part, by the Algazi group during their several years
of participation in this grant. 	 -
i
j	 It is for the reasons indicated above that (1) for the first	 T
r
	
	 time there is not a full chapter in this Progress Report de-
tailing grant-funded activities of the Algazi group, and (2)
there is nevertheless a substantial contribution from that group
appearing in Chapter 7 of this report as Special Study No. 3.
As acknowledged on page 7-51,, the Algazi material that com-
prises Special Study No. 3 was funded in part by our present
NASA-funded "Integrated, Study" grant No. 05-003-404.
i
1
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1
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Chapter 3
WATER SUPPLY STUDIES BY THE BERKELEY CAMPUS RSRP GROUP
Co-Investigator:	 Siamak Khorram
F It
Scientific Collaborator; 	 Edwin F. Katibah
Contributors:	 H. Gregory Smith
Agnis Kaugars
F;
Melinda Shackleford
3.000	 INTRODUCTION
Most of the work that has been performed during the present reporting
period by the Remote Sensing Research Program (RSRP) personnel at the Berkeley
Campus has continued to deal with water supply studies.
	 The focus of these
studies is the development of remote sensing-aided procedures to provide cost-
effective, timely, and satisfactorily accurate estimates of various important
components of hydrologic models.
	 Specifically, procedures are being developed
for estimating the areal extent of snow, the water content of snow, the amount
of solar radiation, and the loss of water to the atmosphere by evapotranspiration.
The values obtained for these components by means of remote sensing will be
used as inputs to each of the two state-of-the-art water yield forecast models -
currently being operated by the California Department of Water Resources (DWR).
These are (1) the California Cooperative Snow Survey's (CCSS) model; and (2)
the model of the Federal-State River Forecast Center (FRC).	 The RSRP effort
is being currently conducted in close coordination with that of other NASA
Grant participants, particularly the efforts of the Algazi group on the Davis
campus as described in Chapter 2 of this progress report.
	
This cooperative
effort involves an analysis of the sensitivity of the RFC runoff forecast model
to its input components, particularly the model res ponse that results from us-
_. ing a remote sensing-aided evapotranspiration estimate as one of the major
input parameters.
A primary objective of this work is the preparation of procedural manuals,
r	 `' describing the step-wise process which might best be followed by managers of
water resources in using remote sensing as an aid to water resources, inventory,
development and management;
r	 ^i
ti. r..
The work that is about to be presented consists of research activities
`	 r during the present reporting period and. a discussion,of the remaining future
research.	 Several phases of our work are being completed through the prepar-
ation`of procedural manuals.
	 These procedural manuals include a complete
f version of Snow Areal Extent Estimation, a version of Snow Water Content Esti-
mation, Outlines of Solar Radiation Estimation and Estimation of Water Loss to
th Atmosphere, and the project outline for multiple resources complex inventory
and management. 	 Our research activities for the multiple resourcecomplex
project are building on the above mentioned water resource research,: but will
( not be completed until May 1979.
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3,100 WORK PERFORMED SINCE MAY 1977
If . 3.110 Completion of Work Related to Watershed Analysis
3.111 Watershed Boundary Determination
Determination of the watershed boundary on the Landsat digital data is
necessary to:
1. Accurately determine the water input and output for the watershed;
2._ Minimize computer expenses by keeping the area that is to be analyzed
to the smallest possible dimensions;
3. Provide an accurate and meaningful summation of computer generated
data for the watershed;
r 4. Provide .useful visual presentation and hard copy reproduction of
results.
	
.,	 The location of the watershed. boundary is don@ in conjunction with the
geometric transformation of the Landsat digital data. The watershed boundary
is carefully determined and annotated on the same USGS 1:120,000 'topographic
series maps as are used in locating the control points. The watershed boundary
is digitized at the same time as the control points. This gives a geometric
description of the watershed boundary relative to the control points.
The watershed boundary, and locations of control points within and around the
Middle Fork of the Feather River Watershed are shown in Figure 1. The digitized
boundary can be incorporated with the Landsatdigital data using the transfor
mation equations previously generated. The required transformation equations are
part of a series of algorithms, known.as MAPIT, developed by RSRP personnel and
	
j	 - used in this study.
3.112 Geometric Correction of Landsat Data
c	 i	 As received from the EROS Data Center, the Landsat digital data contained a
certain amount of spatial distortion as compared with map' projections commonly
in use. In order to rectify this data, it was necessary to lay out ''a network
of geometric controls over the specific Landsat scenes. A transformation equation
was then generated to convert the Landsat data to its planimetric position. This
	
i	 geometric rectification of Landsat digital data is a necessary step to facilitate
'further analysis and to enhance the appearance of visual results.
Much of the topographic data used in this watershed analysis research is
derived from USGS topographic series maps, based on the transverse-mercator pro-
jection system. This data includes elevation, slope, aspect, and watershed'
boundaries. Other necessary data, such as location of the ground meteorological
	
a'	 stations within and around the watershed, should be determined separately. Water-
shed-wide distribution of data collected at these stations must be comparable
4
	
	
(location-wise) to the Landsat digital data and its manipulations. The final
pro deacts of the research effort must all be of common register, as far as the
boundary of the research area is concerned. This makes it necessary to correct
the Landsat data to the map projections used by the other data `sources, in this
case the transverse mercator projection system.
r,
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Figure l	 Boundary limits and location of control points within the watershed covering the Middle Fork
	 ;,!
i of the Feather River.
Nil
A total of 43 control points were located in and around the Middle Fork of
a the Feather River Watershed. 	 These points were related directly to river courses
' or water bodies.	 Control points located along river courses were located at
major river/stream intersections and on bends in the rivers.' Dams on lakes
and reservoirs provided for the most accurate controlpoint location available
+ due to the almost vertical displacement of apparent lake (or reservoir) shore-
lines.	 Control points were located both on the Landsat digital data and on
i USGS 1:250,000 topographic series maps. 	 These control points were first located
if on the topographic maps. 	 Then they were identified on the Landsat digital data,
and displayed in a simulated infrared color enhancement form on a color tele-
^.^ vision monitor.	 A variable x, y cursor on the color television monitor allowed
each control point to be identified in terms of its nearest Landsat picture
element (pixel). 	 Locations of the control points based on USES topographic
maps were digitized to provide their coordinate information.
	
This coordinate
'system was then statistically related to the x ; y coordinate values for the control
points as located on the Landsat digitaldata. 	 A_l.inear regression model was
then generated to give the transformation equation necessary to geometrically
relocate the Landsat digital data to_.the transverse mercator map projection data.
3.113
	 Vegetation/Terrain Analysis
Knowledge of the spatial distribution of vegetation/terrain features in
the Middle Fork of the Feather River Watershed is necessary for generation of
albedo indices.
	
Albedo is used directly as an input to the shortwave radiation
model,.,wiu.ch ultimately is used in the watershed--wide calculation of evapotrans-
piration.
By definition the albedo or reflection is the ratio of the reflected to the
1
incident radiation, usually expressed as a percentage. 	 The values of albedo for
the total range of solar radiation and in some cases for the visible electro-
magnetic range only are shown in Table 1. 	 The figures given in this table illus-
trate what can be observed directly from an airplane,. 	 The sea appears darkest,
relative to white strips of surf and sand 	 dunes.	 Woods show up darker than
fields, and snow covered areas are light.	 One can see here how the absorption
j capacity for incident solar radiation varies and how this affects the whole
heat economy and therefore evaporation and evapotranspiration. 	 Albedo is in-
fluenced not only by the nature of a surface, but also by its moisture content
at any time, i.e,, wet surfaces appear darker than dry surfaces.
The procedure used to develop the vegetation/terrain distribution for the
Middle Fork of the Feather River is based upon the computer-aided classification
of Landsat-1 digital data.- Basically this classification involves the selection
of training ° statistics; based on the unsupervised initial classification test
sites located throughout	 the watershed and surrounding areas.	 Those training ,,
statistics, relating to specific vegetation/terrain classes, are then used to
derive the final, watershed-wide classification.
.i
Sixteen classes of vegetation/terrain features were selected for consider-
ation. in the classification. 	 The initial, unsupervised classifications of the
1 test sites were then organized into the appropriate vegetation/terrain classes.
The vegetation/terrain classes used for this are as follows:
3`4i
1ABLE 1
Stand	 Albedo Percent	 Source
Fresh snow cover
	 75-95	 Geiger
Dense cloud cover -	 60-95
Old snow cover-	 40-70
Clean firn snow	 50-65
Ice, sparse snow cover
	 69	 Smithsonian
table
Clean glacier ice
	
20-50
	
I	 Light sand dunes, surf
	 30-46	 Geiger
Sandy soil	 15-40
	
it
Meadow and fields	 12-30
	
it
Meadow, low grass	 15-25a	 Smithsonian
table
Field, plowed, dry	 20-25a
Densely built-up area
	
15-25	 Geiger
Woods	 5-20
Dark cultivated soil 	 7-10
Douglas-fir	 13-14
	 Avery
Pine	 14	 Brooks
Conifers	 10-15
	 Budyko
Deciduous forest, fall	 15a_
	 Krinov
Deciduous forest, summer	 103
Coniferous forest, summer
	 8a
Coniferous forest, winter
	 3a
Meadow dry grass	 10`;
Field Crops, ripe	 15a
	
La	 Spruce	 8-9	 Baumgartner
Earth roads	 3a	 Krinov
Black top roads 	 8a	 Sewing Handbook
n	 „	 „	 9a	 Krinov
I
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Source
i
Stand
	
Albedo Perc(I)t
Concrete road	 35^ Krinov
Buildings	 9a
Mountain tops, bare	 24a
Clay soil dry
	
is Sewing Handbook
Clay _soil wet	 7.5a r.
Clouds, stratus. overcast,	 5-63
0-500 feet thick
Clouds, stratus overcast,	 31-75
500-1,000 feet thick
"- Clouds, stratus overcast,
1,000-2,000 feet thick	 59-84 " s
Clouds, dense, opaque 	 55-78
Clouds, dense, nearly	 44 n
opaque
-
Clouds, thin
	 36-40
Clouds, stratus, 600- 	 78
1,600 feet thick
Clouds, stratocumulus 	 56-81 r'
" overcast
Clouds, altostratus,	 17-36
occasional breaks
Clouds, altostratus,	 39-59
overcast
Clouds, cirrostratus and	 49-64
altostratus overcast
Clouds, cirrostratus	 44-50 r'
overcast
Whole earth:	 From measurements on the bright and dark portions of the moon,
Danjonb
 has calculated the albedo of the earth in the visible
portion of the spectrum at 39 percent. 	 Fritz`has extended
the calculation to include infrared and ultraviolet radiation,
obtaining a total albedo of the earth of 35 percent.	 Baur
and Philipps have calculated the total albedo to be 41.5 percent
visual albedo
bDanjon, A., Ann. 1 1 0bs. Strasbourg 3, No.	 3, 1936, P.	 139
Fritz	 S.	 Bull. Amer. Meteorol. Soc.,,Vol. 29	 1948 	 p.	 303 • ^	 ~'
-Vol.	 31, 1950, p.	 251; Journ. Meteorol., Vol.	 5,	 1949, p.277
i!
-	
dBaur, F., and Philipps, H., Gerl. Beitr. Geophys.,- Vol. 42, p.160
W-^I
a
3-4b
Red fir forest	 Grassland-meadow
Mixed conifer forest 	 Marshland
Eastside timberland-	 Agriculture/rangeland
HA
chaparral complex	
Water
Mixed hardwood .forest	 Urban
Riparian hardwoods	
Exposed soil
Foothill pine-oak woodland	
Exposed bedrock
Brush-chaparral complex	
Serpentine-vegetation com lex^p
^i
Sagebrush
Ten test sites were selected in and around the Middle Fork of the Feather
River Watershed for use in determining how closly these vegetation/terrain types
could be identified on the Landsat digital data. These sites were selected from
1:120,000 scale high-altitude aerial photography of the watershed area, as I
acquired by the NASA Earth Resources Program. Each of the sites is approxi-
mately 10,000 acres in size (100 x 100 Landsat picture elements). The sites
are distributed throughout the watershed as shown in Figure 2. All the test
sites were identified on the Landsat digital data, and on 1:30,000 to 1:120,000
scale infrared Ektachrome aerial photography. A computer compatible tape of
the ten sites was made from the Landsat digital data. The ten 100 x 100 pixel
sites on the computer compatible test were 'clustered using unsupervised -classi-
fication techniques according to an algorithm in a computer program known as
ISOCLAS
hem
	
	
ISOCLAS applies a modified version of the clustering algorithm known-as
ISODATA to multispectral scanner data. The acronym ISODATA stands for Iterative
Self-Organizing' Data Analysis Technique (A). As its name implies, the algorithm
is arrived at through: an iterative procedure which groups similar "objects"
into sets called clusters. The algorithm was originally developed by Hall and
i
	
	 Ball, 1965 and 1967. A clustering technique based on ISODATA and suitable for
use in processing multispectral scanner data was developed by Kan and Holley,
1972. To distinguish between the original and revised programs, the multispec-
tral scanner version became known as ISOCLAS.
This procedure will, ideally, separate all of the dat a into distinct
groups or clusters, the center of each cluster being represented by its mean.
The process is initiated by assigning each data point to the nearest estimated
cluster center (absolute distance is calculated to each cluster mean). After 	
I
all of the data has been assigned, new means are calculated and tests are made
to see if clusters should be split or combined. A cluster is split if the
standard deviation o£ the cluster exceeds, a specific threshold value. Two
`clusters are combined if the distance between cluster centers is smaller than
the specified threshold. A cluster is deleted if it has fewer than some
-specified number of points. The data is reassigned, after each split or com-
bining iteration, to the new clusters and the process continues until the
desired number of iterations has been obtained.
a
3 -5
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Figure 2,	 Distribution, of Landsat test sites throughout the MiddleFork
of the Feather River watershed and surrounding area.
Area l Sierra Valley Mountains'
Area 2 Sierra Valley Area l
Area 3 Sierra Valley Area 2
i Area 4 Franchman Reservoir Area
Area 5 Quincy/American Valley
Area 6 Serpentine Area
Area 7 Davis Lake Area
Area 8 Gold Lake Area
A: Area 9 Silver Lake Area
Area 10 Middle Fork /Lake Oroville<
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I{ Since ISOCLAS is used in this case as a training device for the watershed-
wide image classification of vegetation and terrain features, two approaches
were evaluated on the initial ISOCLAS runs.	 In the first approach, all ten
test sites were considered to be a portion of the same population of picture
element reflectance values.	 The program was instructed to go through twelve
j iterations to reach no more than forty separate clusters.	 In this algorithm,
the same minimum distance was sought between the cluster means. 	 Also the same
s maximum (threshold) standard deviation was sought among the picture element
reflectance values that. make up each cluster.	 Consequently, clusters found
in one test could be absolutely related to clusters found in other test sites
without any intermediate statistical manipulation. 	 The advantage of using this
technique relies on the established statistical relationship between clusters
I^4 in each test site.	 Instructions to the image classification program, which
t will ultimately analyze the watershed for vegetation/terrain classes, are
relatively simple and straightforward. 	 Similar (but not exacty the same)
vegetation/terrain groups, easily identified on the aerial photogiauhy, w re
grouped into single clusters, due to the limitations of the number of classes
available in the program.	 Although only fifty clusters are possible using this 	 1
technique, it was was estimated'that approximately one hundred clusters would
' be needed to adequately characterize the entire range of vegetation/terrain
classes found in the watershed when all test sites were analyzed in this fashion.
A still more detailed classification might have been desirable, but was con-
sidered to be out of the scope of this project.
In order to minimize the restrictions whichthe ISOCLAS routine placed
^ on the absolute number of clusters, available, each test site was analyzed
independently.	 The ISQCLAS program was again instructed to consider twelve
iterations of no more than forty classes.	 However, using this approach it
was possible to have up to forty clusters for each test site. 	 It was found that,
while not perfect, this technique represented the desired vegetation/terrain 	 i
{ classes much more accurately than in the previous technique. 	 Confusion
in vegetation/terrain classes still existed, however, but generally in features
with similar reflectance values.	 The fact that some vegetation/terrain classes3
were confused in the ISOCLAS clusters even though they were distinct on the
aerial photography, probably can be attributed to the differences in texture
of different features. 	 This texture consideration is a -function to which the
k ISOCLAS analysis is not sensitive.
In order to display the ISOCLAS clusters in a more meaningful manner,
ratios of the band 7 to band 5 reflection mean values of each cluster were
determined.	 These values were then ranked and a color was assigned to each value
(Clark, 1946).
	
The ratioing method is based on the fact that vegetation in
various forms and in different conditions (especially in the healthy condition)
reflects relatively la^ ,ge amounts of near-infrared (band 7) energy compared to
visible red wavelength (band 5) energy.	 Thus, the higher the band 7:band 5
ratios are likely to indicate vegetation.	 Of course, different plant species
have different band 7:band 5 ratios; therefore, it was found possible to assign
spectrally ordered colors to the numerically ranked band?:band 5 ratios. 	 Other
terrain features, such as bare soil, bare ground, and water tend to have. their
o,,m unique ratios, thus making it relatively easy to identify them.	 The band '7:
band 5 ratio-ranked display presents a more meaningful representation of the
ISOCLAS clusters than the display utilizing the random assignment of colors to
` the clusters (Khorram and Katibah, 1977).
i
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The final assignment of speific ISOCLAS clusters to vegetation/terrain
classes is the result of associating the band 7:band 5 ratio visual display
results with the high-altitude aerial photography and the computer printout
Of the ISOCLAS clusters.	 Specifically, areas represented on the 7:5 ratio
display which can be accurately identified on the aerial photography as
a specific vegetation/terrain class are located on the computer printout.
The computer printout is organized on an x-y coordinate format with a given
symbol representing each cluster. 	 All clusters found within the area iden-
tified from the coordinates are then placed within the vegetation/terrain
class previously identified.
	 '!his procedure is done until all clusters have
been assigned to a specific vegetation/terrain class.
	 Based on this method
the identification key for each vegetation/terrain class is then prepared.
f
Statistical summaries for each cluster of ISOCLAS form the basis for
the training of a classification	 routine which will ultimately place every
picture element into its predetermined vegetation/terrain class.
	 While the
7:5 ratio method provides useful information for cluster distribution, it
' cannot be expected to decide, statistically, to group clusters into vegeta-
tion/terrain classes. 	 The development of a method for measuring class (or ..
cluster) separability is extremely important due to the individual cluster-
ing performed by ISOCLAS on each of the ten test sites. 	 A methodology for
the determination of class separability based on the Scheffe method of
multiple comparison has been applied to this analysis (Thomas and Vasick,
1975).	 Statistical analysis using the Scheffe method allows significance
j, probabilities to be calculated for all cluster pairs. 	 These probabilities
are displayed in matrix form.	 Class pairs with their significance probabili-
ties below specific threshold values are considered to be separable for
classification purposes._ Thus individual clusters can be statistically
compared to other clusters within a vegetation/terrain group and all other
a clusters in the vegetation/terrain classes.
The statistical description of each cluster selected in terms of mean,
standard deviation, and covariance are then used to drive a discriminant
analysis routine called CALSCAN.	 CALSCAN is a maximum likelihood classifier
based on the Purdue University image classification program, LARSYSAA. 	 The .
CALSCAN program utilizes the ISOCLAS cluster training statistics to classify
each picture element within the available population into a ,specific vegeta-
tion/terrain class.
The vegetation/terrain classification based on the above-mentioned
is completed and shown in Figure 3. 	 Based on this vegetation/
t
echnique
errain classification, an albedo index was assigned to each class and con-
sequently the albedo map of the study area has been prepared and is 'shown
in Figure 4.
3.114	 Topographic Analysis f^
The amount of solar radiation and consequent vegetation density and
composition, evaporation, and evapotranspiration are all affected by top--
ographic characteristics of the watershed.
The values of the solar radiation which is actually received on the
earth's surface depend 	 upon the transparency of the atmosphere.	 Some of
x
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gure 3. Vegetation/terrain map for the Middle Fork of the Feather River Water-
shed.	 Identification key:
Color Vegetation/Terrain Type
Lavender Sagebrush
Purple Sagebrush/Bare Soil
Off White Bare Soil
White Rock
Orange Agricultural
Yellow Marsh/Mcsic G rassland
Red Mixed Conifer
Orange/Red Red Fir
Light Blue Riparian Hardwoods
Blue/Green Mesic Brush
Dark Green Brush
Light Green Oakwood/Xeric Brush
Dark Blue Water
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Figure 4. Areal Distribution of albedo for the Middle Fork of the Feather
River Watershed, in percent, based on vegetation/terrain analysis.
White	 = 5	 Dark Green = 14
Dark Blue	 = 9	 Light Blue = 15
Purple Blue = 10	 Orange	 = 18
Yellow	 = 11	 Red	 = 22
Light Green = 12	 Brown	 = 25
Green	 = 13
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the incident solar radiation is reflected, some scattered, and some absorbed
by the atmosphere. In the absence of clouds these amounts are relatively
small and quite constant. The atmospheric transmission coefficient varies
from about 80 percent at the time of the winter solstice to about 85 percent
at the time of the summer solstice.
Cloud cover and density cause the largest variations in the portion
of solar radiation transmitted by the atmosphere. Similar to the cloud
effects, the environmental conditions such as a forest canopy exert a
powerful controlling influence on net'allwave radiation exchange in hy-
drologic processes. However, the forest canopy has a different effect
than that of clouds, particularly with respect to shortwave radiation.
While both the clouds and trees restrict the transmission of insulation,
clouds are highly reflective, while the forest canopy absorbs much of the
insulation. Consequently, the forest canopy tends to be warmed up and in
turn gives up a portion of the energy for evapotranspiration. It is this
portion of the solar radaation which is used for evapotranspiration that
- is of interest for the water yield prediction models.
	
The values for
solar radiation in turn are site-specific and consider the effects of
elevation,_ slope, aspect, albedo, latitude, and cloud cover (Khorram, et al.,,;
1976).	 Elevation contour data of USES topographic maps, 15' series, were
used to construct the elevation, slope, and aspect maps. 	 The procedure
involves the orientation of each Landsat picture element in the watershed.
Each picture element (pixel) is defined in terms of x,y and z coordinate
dimensions.- The x and y coordinates locate the center of the pixel while
the z coordinate defines the elevation (average).	 Each pixel can be
"tilted" and/or rotated. 	 The tilt and rotation functions are considered
to be the slope and aspect of the pixel, respectively.
Selection of control points is the first step in watershed terrain
analysia.
	 Control points were selected on USGS topographic maps along
the contour lines for elevation. 	 Elevation contour- maps were digitized in
x, y, z coordinates and then control points were selected; to represent these
contour lines.	 These control points were described in terms of Universal
Transverse Mercator grid units (x and y coordinates) and elevation (z coordi-
nate).	 The control points are then used as an input for elevation interpo-
lation.
	 A computer-assisted interpolation technique, the same as the one
used for interpolating climatic parameters described in Section 3.122 of this
-'	 report, was used for elevation interpolation and construction of elevation
maps.	 The interpolated elevation data constructed by this method is based
on the actual z coordinate representing a zone of elevation per pixel rather
than.an absolute value.
I,
A "normal" vector was then determined for slope and aspect calculation.
This "normal" vector is a directional variable that originates in the center
of each pixel and locates a direction that is 90 degrees to the surface of
the pixel.	 This vector is 'expressed in triple coordinates' (nx, ny, nz),'
where the center of the pixel is-considered to be the origin (o, o, o), and
the triple coordinates are the coordinatesin three dimensions (x, y, z).
(See May 1976 Grant report for further detail.
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€	 The watershed-wide maps of elevation, slope, and aspect for the Middle
Fork of the Feather River Watershed are shown in section 3.150 of this report.
r
3.120	 Completion of Ground Climatic Data Collection
Climatic data required for use in the remote sensing-aided system for
estimating evapotranpiration is not fully available within the watershed
covering the Middle Fork of the Feather River. 	 The number of meteorological
stations in this catchment is limited.	 Also 	 data pertaining to only a few
types of climatic parameters has been taken at each station.	 In our previous
studies, a similar problem existed within the Spanish Creek Watershed, and
the personnel of the Remote Sensing Research Program, with the cooperation
of several U.S. Forest"Service employees working in the Plumas National
Forest, collected additional climatic data for that area. 	 This data was
ncomposed of "Weather BureauClass A 	 evaporation pan data and evaporimeter
data.	 Evaporimeters were designed by RSRP personnel with the cooperation of
the California Department of Water Resources at Red Bluff.
	
'Both the evaporation
pan and the evaporimeter data were collected simultaneously. 	 This additional
data was collected at each of four localities on the Plumas National Forest,
viz., Mohawk, Mount Hough, Quincy, and the U.C. Forest summer camp at Meadow
Valley.
Since the date for application of ET models for the new watershed (MFFR)
was to occur in 1975 (to correspond to the analysis date of the RFC hydrologic
model by the Algazi group at U.C. Davis), there cannot be any meaningful pair
evaporation and evaporimeter data collected for this new watershed for 	 thi s
date.
According to the sensitivity analysis of the RFC model by the U.C. Davis
group, the runoff variation is most sensitive to evapotranspiration in the
springtime.	 The RFC water yield models showed 66% sensitivity to,evapotran-
spiration during the springtime versus 22% for all other seasons. 	 Therefore,
the spring of 1975 was the first time during which to incorporate ET informa-
tion into our water yield.forecast model. 	 This eliminates the use of some of
the climatic data collected by the Forest Service ranger stations during the
fine season (middle of May to middle of October). '.
There are only fifteen ground meteorological stations within our water-
shed which collect climatic data.	 These stations are shown in Table 2. 	 The
data types collected in these stations consist mostly of precipitation and
temperature (dry bulb, wet bulb, maximum and 'minimum),	 Very few of these
stations,, collect wind data and report the atmospheric condition-with regard
to cloudiness.
3.121	 Interpolation of Climatic Data
The algorithm used for interpolation of climatic data (based mainly ong	 P
temperature and humidity), elevation, slope, and aspect is described by the
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l	 Table 2. Existing ground meteorological stations within the Middle
Fork of the Feather River Watershed
Station Name	 Latitude(N)	 Longitude(W)	 Elevation(Feet)
Brush Creek	 39 41'
	 121 21.'	 3560
rj	 Bucks Creek Pump House
{	 Challenge	 39 55'	 121 20 1 -	 1760
Forbestown	 2900	 r
Greenville Ranger Station
	 40 08'	 120 56'	 3560
Mohawk Ranger Station	 39 47'	 120 38'	 4370
Oroville Ranger Station
	 39 32'	 121 34'	 300
Plumas Creek State Park
	 39 45'	 120 42'	 5165t	
I
4	 Portola	 39 48'	 120 28'	 4850
{	 Quincy	 39 55'	 120 57'	 3408
Sagehen	 39 26'	 120 14'
	
6337
Sierra City
	 39 34'	 120 38'	 4150 {
Sierraville Ranger Station
	 39 45'	 120 22'	 4975
Vinton	 39 49'	 120 11'	 4950
Woodleaf Oroleve	 39 31!	 121 11'
	 3340
4y'	
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jfollowing equation:
thfdiwhere:	 A	 _	 e	 stance from
	
x,	 to control1	 (	 ,y)
E
2	
point i,
_ i-1 (Ai)	 Ti = the temperature of control point i,
T(x,y) -
n	 1	 n = the number of control points within
E	 range of (x,)i=1 (Ai)
I•(x,y)	 = the temperature of point (x,y).
This equation uses the x,y,z coordinntes of the control points to assign
a z coordinate (temperature) to each Landsat pixel.
The input source for interpolation of climatic; darn w4s the data. collected from
fifteen existing ground meteorological stations, and I-or terrain analysis
'
consisted of digitized contour lines based on USGS topographic maps.
3.130
	 Analysis of NOAA-4 Satellite Data
To obtain temperature profiles of the Middle Fork of the Feather River
Watershed area, we used Very High Resolution Radiometer (VHRR) data from the
NOAA-4 satellite.
	 The VHRR is a-two-channel scanner which detects energy in
both the visible spectrum (0.6 to 0.7 micrometers) and the thermal infrared
(10.5 to 12.5 micrometers). 	 The IR data can be converted to equivalent black-
' body temperature by means of calibration information recorded along with the
-data.
` The raw data used , for this study consisted of digital magnetic tapes
K
obtained from U.C. Davis grant participants.	 These tapes had been copied from
NOAA tapes at 1600 bits per inch (BPI)	 and written at 800 BPI.
`I
The procedure used to obtain the temperature profile will be described in 1
more detail.	 It consisted of the following steps.
o	 Generation of a geometrically corrected IR image
_ o	 Smoothing images line-by-line to reduce both noise and the effect of
:. variation in the IR sensor (visible as "banding" in the image)
o	 Transformation of raw IR values to temperatures by a two-step process:
;- a.	 Transformation of raw IR values to voltages
b.	 Transformation of voltages to temperatures
E
o	 Rotation of the image through the assigning of coordinates consistent
with other data used in the models
The NOAA scene used for data analysis covered an area of 200 x 200 pixels.
It included the Feather River Watershed. 	 It also included lakes Tahoe, Pyramid,
kf - and Almanor for control point and temperature calibration verification purposes.As a preliminary step, we obtained a histogram of. raw IR values for the area, and
1
determined the apparent range of valid data. 	 (This range was 12.5-129, or about
1-430C, for May 16, 197.1
e
t
7
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3.131 Geometric Correction and Smoothing of the Imagery
	
_ t 	For geometric correction, we adapted the NOAA-NESS's* original program,
modified by UC Davis grant participants, to our data processing system.
This program corrects panoramic distortion, taking into account the earth's
curvature and skew distortion due to the earth's rotation, on the _basis of
,t	an algorithm developed by Legeckis and Pritchard (1976 ). When the geometri-
cally corrected IR image was displayed, "banding" was observed, i.e. many lines
in the image appeared lighter or darker than the surrounding lines. This was
assumed to be the result of variation in the IR sensor. Since we did not have
line-by-line calibration data for two of the three dates of interest, we decided
to develop a program to smooth the image. The basic assumption here was that
	
!	 the values within one line in the image were consistent, but that those within
adjacent lines might not beconsistent. The program to eliminate banding
first computes the mean Mn for the 200 pixels in each line n, not including
pixels which have values outside the range of normal data. Secondly, it com-
putes an adjusted mean, which was taken to be a weighted average An.
2
A_ E
	
W M	 where W
	
i	 n-	 k n^-k,	 k= C S, k+3
	
'	 k=-2
Then the value of every point in line n was incremented by the integer closest
to (An-Mn). The sum of all the increments for the May 16, 1975 date was -1.+	 ,One line was incremented by +3, thirteen lines by -2, and 92 by ± 1. A change
of 2 is approximately equivalent to 1 centigrade degree.
3.132 Elimination of Noise
In the IR image with which we worked, about 0.7 0.8% of the pixel values
were noise. Most of the noise consisted of zeroes or abnormally low values for
	
a
2-4 consecutive pixels. Noise elimination was accomplished by a two-step
	
}	 process In step one, the limits of valid data were entered into a_program,
and pixel values outside this range were changed to the average of values of
	
U:,	 the pixels above and below. (In some cases in which one of these was also noise,
it was not used in the calculation.) After this step had been accomplished
there remained a small nuw.ber of pixels whose values were clearly consistent
	
F	 with all others in their area`. This was corrected instep two, in which any
	f	 pixels with values more than R units outside the range of values (as defined
by the pixels before and after them along the line) were replaced by the average
of all the values. We used R=10.
	
R^	 At this stage of processi.ng,'all apparent noise had been eliminated and
	 ;u
there remained only slight banding of the visible data.
	 A=
k^G3.133 Temperature a	 r t' on. l ^.b a a.	 ,.^
The transformation of raw IR values to temperature data was done according
to a procedure provided by UC Davis grant participants. This technique is a
a
,J	 *NESS - National Environmental Satellite Service
^f
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modified version of the standard NOAA procedure, which does not work for data
acquired prior to September 1975.
	 The input used consisted of the following
data from the line headers:
r 1)	 Voltage wedge values Wo,
	
..., W5 ;3
2)	 Space view average S y
j _3)	 IR calibration target value IRC
x
j 4)	 1hermistar readings Tl, T2
jFor the May 16 data, we used means of the values from line headers for the ^^}
! watershed area.	 For the May 24 and 29 data, we had available only a single ^j
line of header information.
i
a)	 Transformation to voltages
The Wi and S were input into ,a program which used the formula
Vi=(W5-S)/(W5-W4)+5.8'+(i-5) to compute voltages `Vo, V1,
	
..,^ V5,
Then for each raw value, it interpolated between wedge values to find fii
' the corresponding voltage.i4`
b)	 Voltage-to-temperature conversion was done as follows:
1)	 Obtain VTI and VT2 from Tl and T2 by interpolating between wedge
values..
2)	 Compute Tc as the mean of TT1=3.60VT1+11:40 and TT2=3.57VT2+11.68.
3)	 Compute Vc•from IRC by interpolation.
1 4)	 On special non-linear graph paper provided by NOAA, titled "Radio-
meter Radiance Calibration Curves," we drew a straight line through
(OoK, 5.8V)_ and (Te,Vc) ,
	 We used this >line to convert a voltage- to
temperature.
j a
For the final conversion, we ran a linear regression on 14 points that n
we read off the graph.- This was done to obtain an equation in, which.,temperature
would be a dependent variable and V, V2, 1/'(5.8-V) and (In (5.8-V)) l S would
be independent variables.
	 This regression gave an R 2
 value of :.9999+:	 The
residuals were 0.1 or Less with the exception of 0.27 for 12 0C and -0.24 for
j
I
15.80C, where the graph appeared to have an irregular scale.
3.140
	 Snow Q uantification
The detailed description of techniques for using remote sensing as an
aid in estimating (1) areal extent of snow and (2) water content of snow is
documented as Appendices I and Il of this report, respectively:
	 These two
t techniques together comprise the snow quantification research that our group
currently is completing.
	 Because both of these techniques have demonstrated
F, their ability to characterize efficient ly the resource	 	 parameters.	 which they
were designed to estimate, procedural manuals have been prepared for each
technique. ^n
Because the acquisition of data on snowcdver is the first step in the
snow water content estimation procedure, the two systems are linked through
-. }
•4.
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	 information and data gathering requirements. To help the potential user of
such snow :quantification systems, refinement of both techniques and the prepara
Lion of procedural manuals constituted the primary research objectives of our
group for the May 1976 to May 1977 reporting period. It was determined that
the most significant single improvement in areal extent of snow estimation (and
hence in snow water content estimation) could be achieved by optimizing the
basic estimation elements, i.e., the image sample units (ISU's).
Since the May 1977 annual report, we have completed our research effort
(	 on the image sample unit optimization phase of the procedure for estimating
the areal extent of snow. The interpretation results and statistical summaries
are shown in Table 3. The application of this data in image sample unit size
optimization is described in the Procedural Manual, "Remote Sensing As An Aid
1	 in Determining the Areal Extent of Snow," found as Appendix
-I of this report.
3.150 Solar Radiation Estimation
Solar energy values in general, and net solar radiation values in parti-
cular, are the key parameters in the earth surface energy-balance models that
are utilized in hydrologic modeling. Net
 solar radiation is one of the most
important inputs to the evapotranspiration estimation models that have been
developed under this grant.
Total incoming solar radiation, Qs, is defined as the sum of the direct
and diffused (or indirect) shortwave radiation reaching the ground through
the atmosphere. Some of this incident radiation is reflected back to the
atmosphere, a(Qs). It is called reflected radiation; and the rest is absorbed 	 ='
by objects on the earth's surface. Part of the absorbed radiation is dissi-
:f	 pated to the atmosphere from the ground aslongwave radiation. In turn, a
}	 portion of this dissipated longwave radiation is absorbed by the clouds and
atmosphere particles and part of it is returned to the ground. This returned
f
^longwave radiationfrom the atmosphere to the ground is called atmospheric
radiation. The difference between upgoing`and atmospheric longwave radiation
maybe defined as the net longwave radiation, QnL. Net radiation (Qn), as it
it shown in the following equation, is the algebraic sum of the net shortwave
radiation, (1-a)Q , and net longwave radiation, Q'L.s	 n
't Q,= ( 1 -a )Qs ±QnL
The reflection of albedo; a, is the ratio of the reflected to the incident y
radiation, usually expressed as a percentage. The albedo values in this study
were calculated from vegetation/terrain data. The vegetation/terrain analysis i
was based onLandsat-1 digital tapes,employing a maximum likelihood classifica-
	
u
tion scheme. This classified data wasthen converted to albedo indices. These
!	 albedo indices for various types of vegetation and ground cover are reported
	 x
later in this section.
A series of mathematical equations has been used to estimate the total
incoming solar radiation, Qs. The inputs to these, equations include a solar
i constant, time of the year, solar declination, terrestrial latitude, slope in-
clination, and slope azimuth (aspect). Slope and aspect maps were made from
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Table 3.
	 The summary of statistical results of the areal extent of snow estimation for 4 April 1973.
fit
DESCRIPTIONS	 GRID NO. 1
	 GRID NO. 2
	 GRID NO. 3{	 (204 Ha)	 (459 Ha)	 (815 Ha)
Corrected estimate of the actual'
areal 	 extent of snow (in hectares) 408062.70 395365.17 452102.26
Uncorrected estimate of the areal
extent of snow (in hectares) 426688.44 424492.38 46794855
} Population ratio estimator
.9563 .9314 .9661
Standard deviation of the corrected €
;.. areal extent estimation (in hectares) 9981.36 16864.54 24439.40
Ninety-five percent confidence interval
` around the actual areal extent of snow
- 401043. <SAE< 415082; 361928. <SAE< 428802. 403386. <SAE< 500818.
values (in hectares)
` Total number of image sample units
u^ inventoried .	 4229 1870 1064
Total	 inventoriedsurface area	 (in
hectares) 862716.00 858330.00 867160.00
Total number of image sample units
^,^ used in the testing phase 339 113 81
elevation data based on USGS topographic maps. First each picture element
(commonly called a pixel) was digitized in x, y and z coordinate dimensions.
I	 X and y coordinates locate the center of the pixel and each pixel can be
"tilted" and/or "rotated' in any direction. The tilt and rotation functions
are considered to be the slope and aspect of the pixel, respectively (see
	
^.;	 section 3.114 of this report).
The net longwave radiation values are based on temperature and cloud
cover data.
A detailed description of the procedures used for total incoming solarP
	
g	 radiation, net longwave radiation, elevation slope, and aspect quantifications
is documented in our May 1976 annual progress report under the present grant.
Temperature is one of the main inputs to these solar radiation models.
The areal distribution of temperature data was calculated by an interpolation
algorithm developed by our RSRP personnel using data from all fifteen ground
stations. Percentage distribution of temperature data is shown in Table 4.
Currently, we are developing a technique for use in these solar radia-
tion models ofinfrared data acquired by NOAA-4 satellites. This technique
is nearly completed and we are expecting to get more accurate temperature
data from meteorological satellites for our modeling purposes. The method-
ology for solar radiation estimation'is designed to readily accept-NOAA
satellite data. The watershed-wide elevation zones; (based on the digiti-
zation of contour lines and computerinterpolation between these contour
lines) are shown in Figure S. Percentage distribution of elevation data is
	
„	 shown in Table 5. These zones are based on the topographic maps (15 min.
quads) of the USGS which were digitized and then: clustered into elevation zones
with 400 foot intervals. Slope and aspect maps of the Middle Fork of the
Feather River Watershed are shown in Figures 6 and 7, respectively.
The outputs of these models are areal distributions as well as statis-
tical summaries of daily net shortwave radiation (the difference between_
total incoming and reflected), net longwave radiation (the difference be-
tween longwave radiation emitted from the ground and returned longwave radia-
tion from the atmosphere), and net,so]ar radiation. The net solar radiation
map of the Middle Fork of the Feather River Watershed for '16 May 1975 is shown,
in Figure 8.- Percentage distribution of net solar radiation data is shown
in Table 6.
The determinations of net solar radiation are used directly as inputs to
evapotranspiration models.
t
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Table 6.	 Percentage distribution of net
solar radiation values in ly/clay for May,
16, 1975, for the Middle Fork of the
1y Feather River Watershed.
Net Radiation	 Percent
10-200	 2.6
210-350	 6.2 t=
360-400	 12.9
t 410-430	 19.5
440--450	 35.6
460	 12.2
470`-500	 10.8
' I 51.0-560	 0.2
k
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Figure S. Areal distribution of the elevation zones for the Middle Fork
of the Feather River Watershed, in feet (MSL).
Red	 = 1200 Light Green = 5200
Orange	 = 1600 Blue Green = 5600
Purple
	 = 2000 Dark Yellow = 6000
Brown	 = 2400 Dark Blue = 6400
Yellow	 = 2800 Dark Purple = 6800
Green	 = 3200 Blue = 7200
Light Brown
	 = 3600 Purple = 7600
Light Yellow = 4000 Darker Purple=8000
Yellow Green = 4400 Gray = 8200
Dark Green	 = 4800
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Figure 6. Slope map of the Middle Fork of the Feather River Watershed,
in percent.
Black = Flat Dark Green = 42-60
Red = 2-4 Purple = 62-80
Blue = 6-10 Blue Green = 82-100
Green =	 12-20 White = 102-270
Yellow = 22-40
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Figure 7, Aspect map of the Middle Fork of the Feather River Watershed
(N = North, S = South, E = East, W = West)
Black	 = Flat	 Light Green = S
Red	 = N	 Dark Green = SW
Purple	 = NE	 Blue	 = W
Orange	 = E	 White	 = NW
Yellow	 = SE
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Figure S.	 Areal distribution of net solar radiation in ly/day for May 16,
1975, over the Middle Fork of the Feather River Watershed.
aColor ly/day
Dark Green =	 10-200 Yellow	 = 440-450
Orange = 210-350 Blue Green
	 = 460
Red = 360-400 Light Green = 470-500
Blue = 410-430 Purple	 = 510-560
i
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3.200 SUMMARY AND CONCLUSIONS
Remote sensing-aided procedures have been developed by personnel of our
Remote Sensing Research Program to give timely, spatial, relatively accurate,
and cost-effective estimates of various parameters that are required for use in
water yield forecast models. The required estimates are obtained through the
use of basic multistage sampling techniques.
The input data needed in making these estimates, and requiring spatial
information are provided by Landsat, by high- and low-flight aerial photography,
and by ground observation. 	 Parameters to be estimated by these remote sensing-
aided procedures include snow areal extent, snow water content, solar radiation,
and evapotranspiration.
The multistage sampling concept has been used successfully by RSRP in
several other remote sensing research experiments involving manual and auto-
matic data analysis.
	
The design of this project facilitates the
	
performance
of valid statistical analyses. 	 This is extremely important so that future re-
sults from different approaches can be analyzed with respect to one another and
.
LJ to prior research.
	
Confidence intervals have been applied to all estimates dis-
cussed herein, thus providing figures relative to the accuracy of results.
Data sources that have proved to be useful in this research include the
entire spectrum of environmental data gathering systems currently operating.
Satellite information sources include Lan dsat and NOAA.
	
The primary photographic,
}JI'D data base consists of large to medium scale photography obtained by our group..Ground data is collected with the cooperation of both federal and state agencies
such as U.S. Geological Survey, National Climatic Center, U.S. Forest Service,
California Department of Water Resources, and the California Division of Forestry.
We have completed the manual analysis for snow areal extent estimation.	 One
of the advantages of our technique versus conventional methods is that ours not
only corrects the interpreter's snow areal extent classification to plot/ground
j values based on testing results, but also minimizes variation in final classifica-
tion results between interpreters. "Thus, a consistent result can be expected
tj even through areal extent of snow estimation is performed on different areas by+
.1' different interpreters.	 Also, the double sampling method, which in effect calibrates
the more coarsely resolved Landsat-based estimates, provides a good data bank for	 t
more accurate estimation of parameters of interest.
Based on the results obtained when using the remote sensing-based techniques
described above, it can be concluded that there is a substantial advantage in
terms of both cost-effectiveness and precision to be gained through their use,
as compared to other, conventional. methods. 	 Further investigations in automatic
analysis of the areal extent of snow may be needed, in order to allow the user
to make an intelligent choice as to the level of sophistication that he desires
	
4
.	 ^} or can afford.	 We have also established the optimum image sample unit (grid).
size for snow quantification.	 The complete version of a procedural manual for
a remote sensing-aided system for snow areal extent estimation is described in
Appendix I.
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With respect to the snow water content studies that have been performed
by our group to date, it is apparent that a potential cost and/or precision ad-
vantage has been gained in this area by the use of remote sensing-aided method-
ology.` Our method utilizes data obtained through conventional ground measure-
ment of snow courses, integrated into a double sampling framework with Landsat
derived data. Further investigations on the use of automatic analysis tech-
niques probably would improve the precision of the snow water content estimates.
Also, further refinement of physical regression models for conversion of snow	 1
cover data to snow water content indices probably would improve the accuracy
of results considerably.
A remote sensing-aided system developed by RSRP for solar radiation es-
timation is designed to give time- and location-specific estimates on a water-
shed or subwatershed basis:	 The procedure has been applied to the Middle Fork
of the Feather River Watershed for May 16, 1975. 	 This system utilizes some con-
stant physiographic data and some data with respect to climatic variables.
Climatic variables utilized in this system are composed of temperature,
cloud cover, daylength, total incoming radiation and albedo. 	 The values of
daylength can be obtained from standard meteorological tables. 	 Albedo can be es-
timated from Landsat and/or NOAA satellite data. 	 The values of temperature
. can be estimated from NOAA satellite thermal data, or from spatial interpolation
of ground station point temperature data, or more precisely from thermal aerial
imagery.	 Cloud cover data may be estimated from NOAA satellites or Geostationary
Operational Environmental Satellite (GOES) data, 	 The values for total incoming
radiation may be estimated either by the model developed in this system or, less
precisely, by values obtained from standard meteorological data.
Areal distributions of vegetation, albedo, elevation, slope, aspect, and net
solar radati:on,as well as the percentage distribution of temperature, elevation
and net solar radiation	 for the watershed covering the Middle Fork of the Feather
River, are shown in this report. 	 -
We have developed models for the estimation of evapotranspiration and we
are currently applying these models to the Middle Fork of the Feather River !
Watershed.	 The values obtained, area-by-area, through use of these ET models
will be directly applied to the operational hydrologic model (known as the
;l Federal-State River Forecast Center Model) that currently is being used by the
California Department of Water Resources.	 Comparison of simulated runoff values
computed,' after and before using ET results as an input will provide the infor-
mation necessary for evaluation of ET models. 	 As a result of our coordination
y with the U.C. Davis NASA-Grant participants-(Algazi, et al.), the Middle Fork
of the Feather River Watershed was chosen as a test area on which to apply hy-
^F^ drologic data for the spring of 1975.
Based on our investigation, it can be concluded that remote sensing can
r4 cost-effectively provide much of the major input data required for hydrologic
models.	 In several specific instances we have shown that the use of our methods-
can help water resources managers by making available to them better water re-
I source inventories and more accurate water-yield predictions, thereby permitting
them to devise and implement better management practices.	 Based on such
3-25
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experience, as we near the end of our research on remote sensing as applied to
water supply, we are preparing and refining various Procedural Manuals, as des-
cribed in Appendices I, II, III and IV, "These procedures apply to our multiple
resource complex inventory project outlined in Appendix V.
3.300 WORK PROPOSED FOR COMPLETING RSRP RESEARCH
The continuing aspects of our work in using remote 	 sensing for estimating
solar radiation and evapotranspiration, and in the inventory and management of
the entire multiple resource complex, are as follows:
1.	 Completion of our evaluation of the performance of a state-of-the-art
water yield forecast model, using our evapotranspiration results as one
of the major inputs. 	 This effort, which is being carried out in coordi-
^': nation with the U.C. Davis NASA-Grant participants has been found to be
necessary to fully evaluate the water loss estimation (ET) procedures
+ utilizing remote sensing techniques.
	
The Federal-State River Forecast Center
Model (RFC model) used by the California Department of Water Resources,
continues to be examined.
4 2.	 Completion of our studies on the evapotranspiration and solar radiation
models of our new watershed, covering (as it does in order to better integrate
our final tests with those of the UC Davis Grant participants) the Middle
Fork of the Feather River (MFFR),
	
The models will continue to be examined,
pt based on data acquired during the spring of 1975. 	 Our concluding work on
this MFFR watershed can be outlined as below:
F^
a.	 Completion of interpolation for existing climatic data from ground
! meteorological stations,
b.	 Completion of technique development for implementation of NOAA
satellite data including:
(1)	 Geometric correction
(2)	 Coordinate transformation for all arrays of data
f (3)	 Temperature calibration
(4)	 Transformation of temperature data to a format compatible
!." with our MAPIT program
( c.	 Testing and evaluation of solar radiation models with and without
data input from NOAA satellites.
y. d.	 Completion of mapping and calculation efforts with respect to all the
inputs to evapotranspiration (ET) models.
e.	 Application of level I-ET models.
3.	 Completion of sensitivity analyses (based on our tests with spring
1975 data) for the critical parameters in water supply models. 	 In conjunction
with the Algazi group, RSRP is d eveloping wat er parameter (water loss) es-
timates to be included in current RFC hydrologic models. 	 The performance
change in the models with and without these remote sensing-aided estimates,
Lf and based, on the U.C. Davis system will be determined. 	 Feedback on model
Y performance will allow modification of the remote sensing-aided water para-
meter estimation sampling design and methodology so as to improve hydro-
logic model performance.
I 4.	 Development of an automatic (computerized) system for watershed-wide
integration and interpolation of point data will be f,^rthered.	 This sys-
tem, nearly fully developed, would estimate the distribution of point data
 (e.g, temperature) over the watershed of interest,
^,. 3-26
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, ' 5.	 Preparation of a final version (as our efforts under the present grant
will permit) of procedural manuals on remote sensing as an aid for watershed-
wide estimation of four factors of vital importance in estimating water
supply in snow-covered areas, viz. snow areal extent, snow water content, A0solar radiation, and water loss to the atmosphere.
6.	 Asper agreement with our NASA monitors, we will prepare Procedural
f' Manuals dealing with the use of remote sensing in the inventory and manage-
.^ ment of a given area's entire resource complex (i.e., its timber, forage,
soils, fish, wildlife and recreational resources in addition to its water
- resources).	 While a great deal of research leading to the preparation of
such manuals could be performed to advantage, we believe that we can prepare
a useful document by making maximum use of remote sensing-related work that
we have done during the past several years for NASA, the Department of
the Interior, and the Department of Agriculture dealing with most of the
above components of the total resource complex. 	 The project outline for
this study is documented as Appendix V of this report.
:.
r
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E I-4).	 The image sample unit shown represents a snow cover
class of 3	 (See Table T-1).	 .	 .	 .	 .	 .	 . 3-39
Vx
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	 A camera, color film,
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light source; are employed.
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	 The
band/.filter combinations shown in the diagram above are used
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composites .
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I-8 Example exposure date for the construction of a simulated false-,
color infrared three band color composite using a conventional
light table or a flashbox.
	 LANDSAT MSS Band 4 is combined with
x a Wratten 47B filter, Band 5 with a Wratten S8 filter, and
Band 7 with a Wratten 25 filter.
	 Different exposure curves'
must be derived for different film speeds and/or different
f
I
band/filter combinations as explained in the text..
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REMOTE SENSING AS AN AID IN DETERMINING THE AREAL EXTENT OF SNOW
INTRODUCTION
The term "areal extent of snow" pertains to the surface area of the
terrain in a specified watershed that is covered with snow at a given
time or seasonal state,
,i
For many years the need for an improved method of estimating snow
areal extent has been recognized by hydrologists and others concerned
with the prediction of water runoff and the estimation of water yield,
watershed-by-watershed. Among the methods showing greatest promise is
the one dealt with in this Procedural Manual. That method seeks to make
maximum use of modern remote sensing techniques, including those, which
result in the acquisition of aerial and/or space photography of the
watershed at suitably frequent intervals. Because of an advantage known
as the "synoptic view," it is possible on space photography, and even
on high-altitude aerial photography to cover vast watershed areas with
only a very few frames of photography. As will presently be seen, this
advantage can be of great importance to those wishing to use such
photographs as an aid in determining the areal extent of snow.
Of the several remote sensing-based techniques that have been
developed for estimating snow areal extent, only two will be mentioned
here since they appear to be both representative and highly promising.
The first is based merely on the delineation of the apparent snowline
`
	
	 on the photographs The delineated portions of the photographs are then
measured in such a way as to provide an estimate of the areal extent of
s'	 the snow-covered area. This technique is described fully by Barnes and
Bowley (1974).
A second technique has been developed which utilizes ,a two-stage
 sampling scheme to arrive at an estimate of the snow-covered area. The
f	 procedure for employing this technique is described herein. As will
presently be seen, the technique employs as much ancillary (i.e., non-
remote s`ensing-derived) information as possible to aid in the accuracy
of the final estimate. Furthermore, the design of the model that is
employed when this technique is used is such as to largely eliminate
final estimate discrepancies, even when two or more photo interpreters
are used as a team, since a statistical evaluation of each photo
interpreter's results is made. The method, overall, is sufficiently
simple and inexpensive to permit it to be used in addition to, rather
than instead of, more conventional methods, thereby providing additional
confidence in the final estimate of snow areal extent on which
operational decisions must be made, in any given instance, by the
hydrologist or other resource manager.
^. , :
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' When this second method is used b	 a competent image analyst, iny	 p	 g	 y
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addition to his determining the total area that is covered with snow,
he also derives detailed locational information of great value, i.e.,
he determines the exact portions of the watershed that are snow-covered
and differentiates them from the snow-free areas. 	 This can be of great
I advantage in relation to his desire to make accurate estimations of
water yield and water runoff rates because the rate of snow depletion
for a given portion of the watershed obviously is -a function of its slope,
aspect, vegetative cover, and other locally-variable factors.
I ,. PROCEDURE
The procedure described here for estimating areal extent of snow
' is based upon a two-stage analysis of remote sensing imagery.	 The
first stage entails the use of Landsat* color composite imagery, while
the second stage employs- low-altitude, large-scale aerial photography.
_i The following description provides a step-by-step guide to the use of 	 -
;; this method in estimating the areal extent of snow:
Step 1.	 Prior to the start of the winter season (i.e., the season
when the snowpack is to be measured) all of the projected dates when
H Landsat will be overflying the area of interest during the snow survey
period should be systematically listed. 	 In compiling this list onegy
should keep in mind that there is sidelap of about 20 to 30 percentf
is ? (depending upon the latitude of the area) between the 115-mile swath1
that 'is'covered by Landsat on one day and that which the same vehicle
covers on the following y.	 Therefore, this factor needs to be
^ considered as the last is being made of all possible dates for the
acquisition of Landsat imagery of the area of interest.
Step 2.	 During the snow-survey period, on each date when a Landsat 	 {
overflight of the area of interest is about to be made under what 'is_
predicted to be suitably cloud-free conditions, by prior arrangement
t J steps should be taken to procure nearly simultaneous low-altitude
' aerial color photography of preselected flight lines, thereby acquiring
the previously mentioned "second stage sample."	 An optimum scale for
such photography is approximately 1/30,000, and 35mm negative color film
is preferred.
Step 3.	 The second stage photography procured in Step 2, above,
should he	 romp ly processed and from it standard "3R" prints (i.e.,
size 3-1/2", x 5") should be made.
s 1
` The term '"Landsat" applies to various unmanned earth resources technology
' satellites (formerly called "ERTS"), each of which provides images of
"	 1 '9
the surface of the Earth on an 18-day sun-synchronous cycle (0930	 '.
local sun time, approximately) from an altitude of approximately 570 miles
F'^ and covering a swath w-,,.dth of approximately 115 miles.
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Step 4. As promptly as possible after the corresponding Landsat
overflight has been made, and again by'prior arrangement (in this case
normally with the EROS Data Center at'Sioux Falls, South. Dakota) black-
and-white MSS (multispectral scanner) transparencies should be obtained
from bands 4-, 5 and 7 covering the entire watershed area of interest.
The standard 9"x9" transparencies produced by the EROS Data Center are
preferred. In addition, either at the time when the first of this snow-
season Landsat photography is being acquired, or at some earlier date,
i	 an additional summertime (snow-free) set of Landsat imagery also should
be acquired for comparative analysis, as indicated below (see Step 15).
Step 5. In each instance, on the Landsat imagery that has been
acquired the boundary of the watershed or other area of interest shouldf	
be delineated.
f4	
r
S tep
making t- delineation of Stepframes  
Landsat
5 a  mulatedcolorg
	 required in
infrared color
composite should be made, using the three bands (4, 5 and 7) to make a
"triple exposure" on negative color film in the manner described in
Appendix I-B of this Procedural Manual
Step 7. From the resulting negative color composites, reflection
prints (rather than transparencies) should be made to a size of approximately
8"x10". In those instances where more than one Landsat frame is required
to cover the area of interest, the Landsat frames originally selected (and
the corresponding areas copied and printed from them) should overlap each
other sufficiently to provide complete coverage of the entire watershed
or other area of interest.
Step 8. Either at the time when the first of the wintertime Landsat
y	 sets of imagery is obtained, or prior thereto, a set of acetate overlays
}	 each about 9"x9" in size and gridded at various intervals into squares,1
should be prepared. In any given instance thesize of the grid should
be governed by time, accuracy, and cost constraints.- Obviously, in
most instances as grid size decreases, the accuracy, cost and time factors
all increase.
Step 9. Through the use of geographic features that are readily
located on Landsat imagery,-each-successive frame of such imagery should
be indexed so that the gridded acetate overlay can be registered in
exactly the same way with respect to each of the frames that cover a
given area.
Step 10. Similarly, the grids, as they appear on the Landsat frames
of imagery, should be transferred to the low-altitude photos (i.e., the
Ij	 stage two photos taken at large scale with 35mm color film) and then
labelled in such a manner that any grid unit (i.e., any image sample unit)
can be easily'located there and readily cross-referenced to the corresponding
l	 Landsat imagery.
c	 1. See: Optimumization of Image Sample Unit (ISU) Size, page 3-54
r.
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Step 11. The indexed grids as they now appear on the low-altitude
photography should be interpreted for areal extent of snow. Generally
f	 four to six snowcover classes should be used, based on the proportion
of the grid that appears to be snow-covered. An example using six
classes could be: Class 1, 0-9 percent; Class 2, 10
-25 percent; Class 3,
;.;	 25-50 percent; Class 4, 50-75 percent Class 5, 75-90 percent; Class 6,
90-100 percent. (It has been found that, due to the large amount of
detail visible on the large scale prints, it is a fairly easy task for
each grid unit to be placed in a specific class with a high degree of
certainty.)
t
Step 12. This set of classified grid units should now be divided
i	 into a training and a testing set. The training set should be located
on the gridded acetate overlays to the Landsat iiiiagery and should include
a wide range of snow appearance types covering the range of snowcover
N.. classes
Step 13. The interpretation set-up should now be constructed.
{
	
	
It should consist of a coincident image viewing device, such as a mirror-
stereoscope or a transfer scope, the set of 8"x10" Landsat summer color
composite prints, for which the determination of snow areal extent is to
be made, and the set of classified grid units, as seen on the low-altitude
i,
	
	 aerial photography, corresponding to the gridded winter color composite
prints.-
Step 14. As the detailed interpretation of the Landsat winter
photos begins, one 8"x10" summer Landsat print should be placed under
the stereoscope (or transfer scope) along with the corresponding scene
j	 on the gridded winter Landsat print set. The prints should be adjusted
$	 so that conjugate images can be fused by the photo interpreter (i.e.,
so that all common features can be made to coincide with each other, one
i
	
	 image viewed with each eye) ,  thus allowing the interpreter to assess
both the snow areal extent and the vegetation/terrain conditions in
^.	
each grid unit.
Step 15. The interpreter should _next engage, in the task of training
himself to recognize different snowcover condition classes within grid
units based on: (a) underlying vegetation/terrain features (as seen on
	 j
the summer Landsat print), (b) the snowcover visible on the gridded 	 1
1
	
	 winter Landsat print, and (c) the appearance and subsequent classification
of the grid units as seen on the low-altitude aerial photography. By
viewing, through the coincident image device and observing how each grid
unit in the training set appears during the winter and summer, and by
	 a
then referring to the training set grid units on the low-altitude
aerial photography, the interpreter can effectively complete this training
task in very short order.
Step 16. Once trained, the interpreter should then proceed to
classify each grid square (image sample unit) on the winter Landsat print
c
^i
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(in terms of the snow areal extent class to which it belongs) according
to his synthesis of the information available as he perceives it on the
f	 summer and winter Landsat prints.
Step 17. After all of the winter dates of imagery have been1
	
	
classified, the interpreter's initial interpretation results are ready
for the testing phase. Therefore, at this point the results of the
grid classification (as made on the low-altitude aerial photography
testing set) should be compared to the results obtained by the inter-
-
	
	 preter in all applicable grid units. A ratio estimator statistic, as
described in detail in Appendix I-A of this Procedural Manual should then
J E
	
	 be applied. This statistic will provide the adjustment calibration
necessary to correct the interpreters initial interpretation results.
Step 18. Once the true value for the snow areal extent has been
{	 estimated using the population ratio estimator, two other statistical
.0
	
	
tests can be applied to .clarify the final result. The confidence interval
concept can be used to give an idea of the range of the final snow areal
extent value. A Chi-square test can be applied to test the snowcover
t	 class width selection. Both of these tests are discussed in detail in
Appendix I-A.
_l
} Note: It is apparent from the foregoing that, even if this procedure
is highly successful, its end product is merely an accurate determination
of the areal extent of snow, together with an accurate delineation of
each portion of the watershed area according to the snowcover class to
which it belongs. This is an essential step leading to a prediction of
water runoff and the estimation of water yield. The remaining steps are
discussed in other procedural manuals. -
r-_R
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APPENDIX I-A
A SPECIFIC CASE STUDY
ffl
.	 Ire
i
f	 The following case study describes uses that our RSRP personnel have
made of the ,foregoing procedure for the Feather River Watershed, California.
On April 4, 1973 the majority of the Feather River Watershed (located
in the central Sierra Nevada Mountains, California) was imaged in a virtually
cloud-free condition by the Landsat satellite.	 In order to document the
existing ground conditions in greater detail than that provided by the
satellite imagery, a photographic mission was flown over the watershed on
April 6, 1973.	 Four transects were flown using a motorized 35mm camera to
acquire photography at a scale of approximately 1:30-,000 on the negative
(Figures I-3 and I-4).
Landsat imagery from August 13, 1972 was chosen for use as the
vegetation/terrain base for the snowpack analysis procedures. 	 The August 13
and the April 4 Landsat images of MSS bands 4, 5, and 7 were photographically
combined to produce simulated color infrared enhancements (Figures I-3 and I-4)
on color negative film using the previously mentioned technique (Appendix I-B).
The simulated color infrared enhancement of the August 13, 1972 Landsat
scene was photographically reproduced to give a 16" x 20" color print of
approximately 1:250,000 scale.	 The April 4, 1973 Landsat color infrared
enhancements were enlarged to precisely the same scale as the August 13,
1972 imagery and printed to give overlapping 8" x 10" prints.
An acetate grid (each grid block equalling approximately 2,000 meters
on a side at a scale of approximately 1:250,000) was attached to the
vegetation/terrain Landsat image.	 The grid blocks, termed image sample
units (ISU), were transferred to the large scale photography where appli-
cable. 	 The image sample units on the large scale aerial photography were
coded as shown in Table I-1.I
I
Table I-1
Snowcover Condition Classes Used for Areal Extent of Snow Estimation
Code	 Snowcover.Class	 Midpoints
1`	 No snow present` within ISU-	 0
2	 0-20% of ISU covered by snow	 .10
3	 20-50% of ISU covered by snow	 .35	 ORIGINAL PAGE IS
4	 50-98% of ISU covered by snow	 .74	 OF POOR QUALI'_5	 98-100% of ISU covered by snow 	 .99
The interpreter then engaged in` the `training phase to familiarize him- j
self
d
	 classification technique.
	
trained,
proceeded to
	
alltheinterpreter  imagesam mple units on the 8x 10"P	 P	 _	 g	 P_
Landsat color print for the winter dates.; A more detailed description of this
process will be found in the Procedural Manual.
f
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FIGURE I-1
Low altitude aerial photographs of the snowpack taken from a light aircraft
using a 35 mm camera. The scale of the negative is approximately 1:30,000.
The grid shown on the photograph represents an image sample unit, (ISU), also
located on the Landsat color composite imagery (see Figure I-4). The image
sample unit shown represents a snowcover class of 3 	 (See Table I-1).
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FIGURE I-2
Low altitude aerial photograph of the snowpack similar to Figure I-1 however
representing a snowcover class of 4 (See Table 1-1).
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FIGURE 1-3
August 13, 1972 Landsat color composite image showing the Feather River and
the Spanish Creek Watersheds.
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FIGURE I-4
April 4, 1973 gridded Landsat color composite image showing the Feather River
and Spanish Creek Watersheds. The grids define the image sample units, each
being approximately 400 hectares in size.
t 
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A portion of the April 4, 1973 Landsat color composite image showing the
snowcover class interpretations on an image sample unit basis.
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Snowcover (Condition) Class
1 2 3 4 5-
Snowcover condition
class midpoint 0 .10 .35 .74 ,99
Hectares of snow
per class 0 116xl0 5 .300x105 .134x106 .340x105
The classified imagery was then subjected to statistical analysis. The
following are the results from the April 4 Landsat areal extent of snow analysis.
F
To derive the approximate number of hectares in each class, the image sample
unit totals per class were multiplied by the number of hectares per image sample
t unit 400 with the results indicated below:
t
11
'	 Then to establish the approximate amount of actual snow-covered area per
class, the number of hectares/class-were multiplied by the snowcover class
	 ; tl
I; midpoints (from Table 1) for each class, as indicated below in the following
tabular summary:
I
Snowcover (Condition) Class
1, 2 3 4 5
Total number of ISU's
classified per class 403 289 214 413 111
Snowcover (Condition) Class
1 2 3 4 5
Hectares .161 x
106
.116 x
106
.856 x
105
.181 x
1n6
°.344 x
106
By adding the "hectares of snow per class" values, the "total surface
area of snow" in hectares was established. 	 Thus for the April 4, 1973 Landsat
date the estimate of snow areal extent was found to be 515,772 hectares.
This value, however, may"be biased by any errors which occurred during the
classification of the Landsat image samphe.units for snow areal. extent. 	 The
uncorrected areal extent of snow estimate can be "corrected" by comparing the
A interpreter classification results with a series of preselected, preclassifiedimage sample units, chosen for testing purposes from the large scale aerial
photographs.
}i
Interpretation results not falling in a given snowcover condition class
for both the large scale aerial photographic and Landsat image data represent
a misclassification of image sample units by the interpreter (Table L-2), 	 Thus
it can be seen that 13 out of a possible 80 image sample units were mis-
classified.	 This misclassification error can then be represented by a statis-
i tic, the population ratio estimator (Cochran, 1959), which will be used to correct
i
the initial areal extent of snow estimate of 5.1582 x 10 5 hectares derived from
the Landsat image classification.
The statistical approach is defined as follows:
x ; (Equation 1.0)
	 Yr	 X 	 = the final, corrected areal extent of snow estimate
N
(Equation 1.1)	 where:, X _	 X. = the uncorrected Landsat areal extent of
j =1	 j	 snow estimate
given that:	 X^ _ the Landsat interpretation estimate of snow areal
extent, per image sample unit, by snowcover class
j	 = the index for all Landsat image sample units
N	 = the total number of Landsat image sample units_
classified for snow areal extent
(Equation 1.2)	 where:	 R = Y t X = the population ratio estimator
(Equation 1.3) given that: 	 Y =	 yi - n	 the average snow areal extent value
i=1	 for the large scale photographic
image sample unit estimates
Ir
_	
n
(Equation 1.4)	 X =	 x, y n = average snow areal extent value for
=1	 i	 the Landsat image sample unit
estimates1	 ,
y
F	 ^
and that:	 n = the total number of image sample units used in the
testing phase
i = sampling index
i
l yi = large scale photography snow areal extent estimate
for image sample unit i
xi = Landsat snow areal extent estimate for image sample
' unit i
f
t	 -
-
f
Since the uncorrected	 andsat areal extent of snow estimate (X) has been
calculated to be 5.158 x 10	 hectares, the value for the population ratio
r estimator, R, must be determined to solve for the final, corrected Landsat
areal extent of snow estimate, Xr, (from the equation Yr - XR)..	 Table I -3
represents an expanded version of Table 2 designed to facilitate the calcu-
' lation of the population ratio estimator, R. 	 The table has been enlarged
to include listings of snowcover condition class/image sample unit, specific
large scale photography estimates of snow areal extent, and Landsat areal
extent of snow 'estimates.
Yu - large scale aerial photography estimate of snow areal
extent perimage sample unit by snowcover condition
class (in hectares)
{ snowcover condition class number of hectares
[	 midpoint per image sample unit
and;	 xu = Landsat snow areal extent estimate per image sample
unit by snowcover condition class (in hectares)
=	 snowcover condition class
]
number of hectares
midpointC per image sample unitL	 ^
jfu image sample unit interpretation frequencies
u = index for table containing the results of the testing phase
Additionally,
f
{ n = the number of image sample units used in the testing phase, i.e.,
fl (Equation 1.5)	 n	 fu = 80
u=1	 LI
where:	 u - index for Tables 1-2 and 1-3
and	 k - the number o:L• -interpretation result blacks in Tables 1-2 and 1-3 =.11
l! ft, the population ratio estimator, can now be calculated by solving for Y and
X from the data presented in Table 1-3.
	 Thtis, if
i
n	 k
(Equation 1. 6)	 yi	 fu yui i=1	 u=1
Ej
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(Equation 1.7) and	 xi =	 fu Yu
i=1	 a=1
n
then	 Y	 yi + n	
(Equation 1.3)
i=1
k
(Equation 1.8)
	
	
fu yu + n
	
(from Equation 1.6)
u=1
k fu 	(from Equation 1.5)(Equation 1.9)	 L fu Yu + E
u=1	 u=1
^	
n
I	 I.nd	 X _	 xi + n	 (Equation 1.4)
^E
I	 kff (Equation 2.0) fu + n	 (from Equation 1.7). 
^ ,'^	
_ j 
u=l
a
	
afi	 k	 k-
(E	 fu xu + ^ fu 	(from Equation 1.5)( quation 2.1 )	 -	 ^
u=1`	 a=1
j y	 Therefore (from Table I-3 and Equations 1.9 and 2.1)
Ell (0) (6)+(40) (l)+(40) (10)+(296) (1)+(40) (2)+(140) (6)+(296) (2)+(140) (1)+(296) (12)
_	 +(296) (6)+(396) (33)
Y =
6+1+10+1+2+6+2+1+12+6+63
20784
80
^ 2,x.80
ORIGINAL PAGE
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(0)(6)+(0) (1)+(40) (10)+(40) (l)+(x.40) (2)+(140) (6)+(140)(2)+(296) (].)+(296) (12)
	
02
	 €
X	 +396(6)+396 (33)
	
' Y	 6+1+10+1+2+6+2+1+12+6+33
21132
80
	
i	 264.15
	
1 	
^
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Consequently, the population ratio estimator (Equation 1.2) is calculated
to ,be:
{ R = Y + X
	 (Equation 1.2)
i
-	 259.$0
	 264.15
.9835
Finally, to solve for Yr (the final, corrected areal extent of snow esti-
mate), the population ratio estimate, R, is multiplied by the uncorrected Landsat
1
areal extent of snow estimate, X (Equation 1.0). 	 Thus,
} Yr	 XR	 (Equation 1.2)
ah , i
C 515,772	 )	 (.9835) hectares
- 507,278 hectares
_ Once the actual areal extent of snowhas been estimated, Yr, it may be
useful to know where the true value for the areal extent of snow lies.	 The con-.
' fidence interval is 'useful for this purpose. 	 The statistical approach is as
follows, using the 95% level of confidence as an example::
Yr = the true value for the areal extent of snow
^
I
The confidence interval around Yr can be expressed as
the probability that
(Equation 2.2) Xr - to-1,	 v CYi)	 Yr < Yr + to-lP	 v(Y )
c
_ .95
.025	 .025
.j
s
q	
)	
-	
^r) = N N-n(Equation 2.3
	 where
	
V (Y	
n (n-1)
y2	 2	 2	 R	 yii + R^	 2R	 xi
! i=l	 i=1	 1=
Si11T1p1C
	
Vt1.Z'icllCe'
n	 k^
where	 Yi	
=	 fu(Yu)
i=1	 i=1 ^	 t
t , n	 2	 k	 2
and	 Xi	 _	 f (X )
u
i=1	 i=J u
^i
A summary of all the major results from the statistical analysis described
f; previously for the April 4
	 1973 snow analysis date is contained in Table 1-4
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 The final statistical test that was employed in this analysis was used
.	 to determine the suitability of the snowcover condition class widths as
selected from step 11 in the procedure and Table 1. This test was to deter-
mine if the values inthe snowcover classes from the Landsat image data came
from the same statistical probability distribution as the values in the snow-
cover classes from the large scale aerial photographic data. If they came
x
from the same distribution it could be expected that the areal extent of snow
estimation procedure would provide good results. If these indicated that
the two data sets came from different distributions, then new class widths
should be selected and the areal extent of snow estimation procedure should
be rerun. To perform such probability distribution "likeness tests," a
Chi-square statistic was used:
k	 0. Ei). 2
(Equation 2.4) 	 x2	 ( i- 
i=1 E^
where Oi = the observed values
Ei the expected values
-k = the number of snowcover condition classes
i-	 index.
The values in the snowcover classes from the large scale photo data 
ti
-;.ere
.1 esignated as the expected values (Ei)', since they were assumed to be "ground
truth." The values in the snow cover classes from the Landsat image data were
designated as the observed values (Oi).
The results of the Chi-square test for theApril, 1973 statistical testing
data (Table I-2) are shown in Table I-S. The results indicate that the two data
sets do come from-the-same statistical probability distributions; thus it can
be assumed that the snowcover class widths used for the areal extent of snow
analysis are adequate.
^	
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Large Scale Aerial Photographic Data
Snowcover Condition Class
1 2 3 4 5
1 6 1
mEn
,W 2 10 l
c^ c^
cP
0^0 r^l
H O 3 2 6 2
CU
m
a
u°
°G 4 1 12
5 6 33
QI'l
;a
5
i
Table L-2
Interpretation results of the testing phase, areal extent of snow
j
	
	
estimation for the April 4, 1973 Landsat and April 6, 1973 large
scale aerial photographic data.
h	 !	
i
,I
Table I-3
Interpretation results of the testing phase, areal extent of snow
estimation for April 4, 1973 Landsat and April 6, 1973 large scale
aerial photographic data. Also included is a listing of uncorrected
a	 large scale aerial photographic and Landsat :image estimates of snow
areal extent per image sample unit by snow-cover class.
't
g
rs
n
D
l
H
Large Scale Aerial Photographic Data
Snowcover Condition Class
1 2 3 4 5`
_0 - 401
Um) 0	 6 0	 1'
j 2 40 296-
GA
a) -W 40 10 40	 1
co
Cd
•,^
10
H O 3 40 140 296
v ^0 140	 2 140 M 140 r	 2
a 3
U) 4 140 296
296 F-1 296 1	 12
5 296 396-
396-	 6 1396	 33 1
Landsat estimate of the areal extent of snow (in hectares) X 515,772
Population ratio estimator R .9835
Estimate of the true areal extent of snow (in hectares) Yr 507.278
Standard deviation of the areal extent of snow estimate
(in hectare's) 'V (4r) 12, 659.29
Confidence interval (95%) around the true value for the
areal extent of <snow (in hectares) 482,040<Yr< 532,517
Total number of image sample units inventoried on the
Landsat imagery ' N 2,218
'Average surface area of an image sample unit (in hectares) 400
Total number of hectares inventoried 887,200
Total number of image sample units sampled for the
statistical testing procedure n 80
Table T-5
Chi-square Test for April 4, 1973 Data
	
* i	 Null Hypothesis: Ho: The observed values (Oi) come from the same distribution
	
:r	 as the expected values (El)
	
ll^
	
Alternative Hypothesis: Hi: The observed values do not come from the same
	
}	 distribution as the expected values
Significance Level: 5%
} k2
 Ei) 2 g2
i
Test Statistic under the Null Hypothesis: ^,
	 E	 -k-1i=1	 '
4.r
where k-1 = the degrees of freedom
} Full Class Data Summary
Class Oi Ei (Ol Ei)
2
Ei
1 7 6 .1667
2 11 13 .3077
3 10 7 1.2857
4 13 21 3.0476
5 39 33- 1.0909
a 
tj k
= 5.8992
-1
i
Conclusion: The null hypothesis is accepted since the calculated
value of 5.8992 is less than the table value of 9.49.
4
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'. APPENDIX I-B
I
^OPTIMAL IMAGE SAMPLE UNIT SIZE ESTIMATION
F
The operational application of the image sample unit areal extent of snowY
estimation technique is heavily dependent on the size of the image sample unit
used.
11
1	 '
It was expected that the smaller the ISU size the smaller the standard
deviation
	
the corrected	 Con(and variance) of	 areal extent of snow estimate. 	 -
k versely, as the size of the ISU's decreased, it was suspected that inter-
pretation time (also known as cost!) would increase.
	
In an effort to give
prospective users a starting point when deciding on what image sample unit
size to use, a simple test was developed to find some optimal image sample
unit size (i.e. minimized standard deviation and interpretation time). 	 The
test would compare interpretation time and standard deviation of the corrected
areal extent of snow estimate for three different image sample unit sizes..
One interpreter was used throughout the test to minimize - or at least scan-
' dardize - bias in the .final results. I J
` Three image sample unit sizes (204, 459, and-815'hectares squared each)
were used on a single Landsat winter date. 	 Interpreter training, classifi-
cation, and testing were carried out as described in steps 15, 16 and 17.
The results of the areal extent of snow estimation to standard deviation
azid interpretation time versus image sample unit size are summarized in Table
„ I-6.
{
^ Table I-6.	 Summary of ISU Optmumzati:on Data
-
Image Sample	 -Standard Deviation	 Interpretation
Unit Size (in	 of the estimate 	 Time (in hours)
t' hectares squared)	 (in hectares)
i 204	 9,981.36`	 6.75
459	 16,864.54	 6.00
815,
	
24,439.40
	
5.50
As expected standard deviation decreases and interpretation time in-
creases with image sample unit 'size. 	 By plotting the data it was deter-
mined that an image sample unit size of 365 hectares squared was the point'
where both standard deviation and interpretation were minimized as _shown in
Figure I-6.
rl
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It should be noted that the image sample unit size of 365 hectares
squared is to be considered a maximum size for two reasons:
(1)	 The interpreter who analyzed the three image sample unit sizes
'	 was previously inexperienced in this type of interpretation.	 The
largest ISU size was interpreted first and the smallest last. 	 It can
be expected that the interpretation times for each succeeding ISU size
` was reduced duc to the experience gained on the operation of the in-
terpretation system design. 	 Thus, it seems reasonable that as more ex-
perience is gained, the intepretation time for anyISU size would be
25,000
ar a. Standard Deviation H
a
vs.	 ISU Size
7.0
CDO < }F h ^' O
ca ct 20,000
O O N•
-^ 6.5 t.
`	
o r+ 000
;n	 O /•
Y ^^	 ^o••r n Interpretation Time 6.0
a
r 10,000
^' vs.	 ISU Size
r	 c;
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t 	 ' _Optimum ISU Size
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Image Sample Unit (ISU) Size
(Surface area in hectares squared)
DETERMINATION OF OPIIIMAL ISU SIZE
Figure 1-6
t APPENDIX I-C
THE PHOTOGRAPHIC CONSTRUCTION OF LANDSAT COLOR COMPOSITE IMAGERY
INTRODUCTION
wx
	
	 The value of color composites has long been recognized as an aid to the
interpretation of Landsat imagery. The technique described in this technical
brief demonstrates how Landsat color composite imagery can be-constructed
from Landsat positive black-and-white transparencies conveniently and
inexpensively.
COLOR COMPOSITE THEORY
Typical color reversal and color negative films consist basically of
three light sensitive layers. These layers react individually to blue, green,
and red light, each layer corresponding to a particular dye, dependent upon
film type, as indicated below:
Light Color reversal film Color negative film
Sensitivity Dye layers activated Dye layer activated
Red Yellow and Magenta Cyan
Green Yellow and Cyan Magenta
Blue Magenta and Cyan Yellow
If, for instance, color negative film is exposed to blue Eight, the
blue sensitive layer of the film is activated while the other layers remain
unaffected.	 This blue-sensitive layer corresponds to a final yellow dye
image and hence the results will appear yellow on the negative.
When color reversal film is exposed to blue light, the blue sensitive
layer of the film is activated; hov l,ever, during processing the two remaining
sensitivity layer.; corresponding to the magenta dye (green sensitive) and
the cyan dye (red sensitive) are' 	 either chemically or mechanically exposed.
The originally exposed blue , sensitive layer becomes non-functional and the
resulting image appears blue due to the combination of magenta and cyan
dyes.
	
The reactions of color reversal and negative film to red and green
light can be explained similarly since red is produced by a combination of
yellow and magenta dyes andgreen is produced by a combination of cyan and
yellow dyes.
^
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The photographic construction of Landsat color composites relies on the
three-layer sensitivity of color film and on the different densities of any
given feature as it appears on the various Landsat black-and-white bands.
Each of the different Landsat black-and-white bands chosen to make the color
composite is photographically copied onto the same sheet (or frame) of
color film, each band through a different colored filter (in essence _a
multiple exposure).	 Figure I-7 illustrates the set-up used to produce Landsat
color composites.	 Depending on which filter is used with each band of
imagery different color renditions may be produced, hopefully enhancing
4	 different features.
r
MATERIALS AND EQUIPMENT
f	
LANDSAT BLACK-AND-WHITE IMAGERY
The construction of Landsat color composites commonly uses Multispectral
Scanner (MSS) imagery of bands 4, 5, and 7, usually in the 9,. inch
positive transparencyform (although the 70 millimeter positive
E	 transparencies may also be used).	 MSS Band 6 is also used for some
composites as well as available Return Beam'Videcon (RBV) positive
imagery.	 Furthermore, just, as a color composite can be formed by
combining bands of imagery acquired on a single date, so it also can
be formed by combining several dates o£ imagery acquired in a single
band, or any combination of multiband/multidate images, t`
FILTERS
1
Eastmak Kodak Wratten filters are suggested for use in the construction
of color composites due to their optical quality and the large variety
of colors and sizes available'. 	 To produce a simulated false-color
infared color composite image (Figures I-3 f, I ,-4), Wratten filter number
25 (tricolor red), 47B (tricolor blue), and 58 (tricolor green) can be:<
used. L
FILTER RELATED ACCESSORIES
Eastmak Kodak filter frames provide a convenient way to mount the
Wratten filters.	 The filters so mounted can be easily inserted into
a commercially available filter holder which mounts, via adapters, to
the filter-threaded receptacle in the front of most enlarging lenses.
i
PHOTOGRAPHIC LIGHT SOURCE
The light source is used to provide the light which will be transmitted
through the Landsat bands during the exposure process.	 Basically, the
.,
light source may be of two common types; incandescent or flourescent
and electronic strobe.	 Incandescent or flourescent illumination in
the form of a'"light table" may be the most convenient form to use
r, initially.	 One of the problems encountered with using a light table
is its relatively low light output, necessitating long exposures times.
One way of countering this is by using an electronic strobe light box
which could give decidely greater light output and thus shorter exposures.
ii
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REGISTRATION SHEET
The registration sheet is used to register the individual Landsat bands
with respect to one another. 	 It also serves as a convenient base for
introducing grids, watershed boundaries or other data directly on the
color composite.	 The material used for the registration base should be
translucent (frosted preferably), dimensionally stable and have a surface
amenable to scribing.
SCRIBING TOOLS
The scribing tools consist of a scriber and a metal straight edge. 	 The
scriber can be constructed by inserting a drafting compass needle in an
engineering drafting pencil while the metal straight edge may simly be
a metal engineering scale. 	 The scribing tools are used to transfer the
Landsat registration marks onto the registration' sheet.
CAMERA SYSTEM
A large variety of cameras and related accessories ranging in format
from 35 millimeter to much larger image sizes can be used to construct
Landsat color composites.	 The only requirement is that the camera be
capable of making accurate multiple exposures on a single sheet or
a frame of film.	 The most convenient camera used to develop this system
M V was found to be a type of copy camera which utilizes a leaf shutter} system allowing as many exposures as desired on a single sheet or
frame of film.	 A camera system of this type is desirable due to its
ability to accept film formats from 35 millimeters to 4 x 5 inches.
The camera lens used for making color composites should be of very high
quality.	 Since the construction of color composites utilizes most of
the light-sensitive spectral range of conventional color film, the lenses
used should be color corrected.
	 The lenses should be of very high
uniform edge-to-edge resolution and contrast to assure that no
information is lost throughout the image area.
EXPOSURE METER
t An ,exposure meter should be used to determine how much exposure should
be given to each of the Landsat black-and-white images in making the
y	
`
color composite.
	 The meter used should have a locking needle, a
wide sensitivity range and a. narrow acceptance angle so that selective
area measurements can be made.
FILM TYPES
If reflection prints are to be made of the color composite, it is most
convenient to use a fine grain negative color film such as Kodak
Vericolor II Type S.	 If positive color transparencies are_desired.(e.g.
` -	 for projection purposes) the use of either Kodachrome or Ektachrome filmF
is appropriate, depending on the film format used.
OmrgNAT, `p _^ GEQF ^ut^i^
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PROCEDURE
The following step-by-step description will detail the procedure used
to construct a Landsat color composite.^a
^Y
Step 1.	 Tape one band of a Landsat black-and-white set of imagery for
a specific date to a light table in proper viewing position.
-. Step 2-.	 Tape a sheet of the registration base material over the Landsat
image so that the four registration marks (+) in the corners of the
Landsat image are completely covered by
	 overlyingthe
	 sheet.
Step 3.	 Transfer the registration marks to the registration base material
using the scriber and the metal straight edge.
	 The scribed line should a'
;j be narrow in width and extend beyond the actual Landsat registration
marks to facilitate the actual registration process.
Step 4.	 The registration sheet should be labeled with the latitude/longitude
and	 date of the Landsat imagery from which it was made.' This information
is placed on the same edge as observed on the Landsat image below so that
the Landsat black-and-white hands may be oriented correctly during the
registration process.
Step S. 	 The completed registration sheet is removedand placed in proper
position on the light table or flash box and taped down.
Step 6.	 One of the Landsat bands to be used for making the composite is
taped down in register over the registration sheet.
	 The registration
marks and the information line are used to register and orient the two,
relative to one another.
Step 7.	 The camera system is focused upon this registered image and
locked into position.
Step S.	 An exposure measurement of the Landsat band is then made on the
ground glass focusing screen of the camera with the lens set at a fixed
aperture, usually maximum.
	 This reading is recorded.
	 The other Landsat
bands to be used are then placed one at+a time on the registration sheet
with the image projected onto the focusing screen and the exposure
measurement for each is recorded again at the same fixed aperture.
Step 9.	 The exposure measurements for the Landsat bands- are averaged
and refered to exposure graphs (which are explained in the next section).
Step 10,	 The camera/,lens exposure controls are then set according to the
exposure graphs.
Step. 11.	 The film on which the composite as to be made is then loaded in
the camera.
1
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Step 12.	 One at a time, the Landsat bands are pla.cod on the registration
sheet and exposed through the appropriate filter. The film ;is not
advanced or removed until all exposures have been made.
Step 13.	 The film is then processed normally yielding the final color
composite.
EXPOSURE DETERMINATION'
In determining the proper exposure to give each of the Landsat black-and-
white images the separate bands are assumed to be matched separation positives.
The actual deviation from this asswnption is generally so slight that it
may be ignored in most if not all cases
x
Since no two light source systems developed to construct Landsat color
composite imagery will have equal light outputs, the graph used to determine
proper exposure must be empirically established. The following describes
the determination of the exposure, graph necessary for proper exposure calcula-
tion. Since each exposure graph can be calculated for one particular color
composite type (i.e., band/filter combination) only, the following description
will deal with the construction of a simulated false color infrared composite.
	
f ^	 To make this particular rendition Landsat band 7 is exposedthrough a
	
4	 Wratten 25 (Red) filter, band 5 through a Wratten 58 (Green) filter and band
4 through a Wratten 47B (Blue) filter..
	
^
€ r	To empirically determine the exposure graphs for the various band/filter
	
i	 combinations, -a series of color composites are constructed at different
	
'.^	 overall exposures. Each series of color composites has exposure values measured
for each band as per step 8 under "procedures". The values measured are
	
a	 averaged for each set and then plotted versus the actual overall exposure
	
^2(
	
found to give an acceptable color composite. All light measurement values are
taken with the lens set at a fixed aperture. This aperture will always be used
for the through-the-lens exposure measurements of each band. This is
necessary to provide a consistent index system for reference to the exposure
graphs.
°j The averaged exposure measurements taken from the individual Landsat
bands are plotted on the x-axis versus Exposure Values (EV) on the y-axis
EV refers to equal light intensities hence equal combinations of shutter
speed and aperture which yield the same exposure to the film. For example,
EV 13 equals 1/30 second at f/15, 1/60 second at f/11, 1/125 second at f/8,
1/250 second at f/5.6, etc. Figure T-7 illustrates the appearance of such
1	 an exposure graph.
	
^.	 Due to the different optical densities of the filters used to construct
a color composite, different exposures are needed for eachband/filter
combination These different densities can be refered to as filter factors.
The .filter ,factor for a given filter changes with the film type as well as
the light source; consequently filter factors must be calculated for each
film type/light source combination. One practical way of calculating specific
filter factors is to photograph a transparent gray scale through each of the
filters for which the filter"factor is to be determined. These will produce
	
'	 individual exposures through the filters onto color film, either positive or
negative. Several exposures are taken through each filter, advancing or
changing the film ;after each exposure. All exposures must be recorded for
the final determination of the .filter factors. For each filter an exposure
'	 is found which best reproduces the gray scale (i.e. all gray levels are
,k
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clearly distinguishable from each other) by examining the color film. In all
cases each individual gray level should have the same optical density for all
of the filter types used. This is best done through the use of a densitometer
but can be done visually if necessary. A comparison of the exposures used for
the various filters to obtain equal densities gray level-by-gray level, will
give the filter factors for each filter. These filter factors may then be
translated into EV's to give the relative exposure differences for the filters
used.
To establish the exposure graphs for the various band/filter combinations,
a series of color composites are constructed, all at different overall
exposures, Each composite so constructed must have the filter factors (in
terms of individual exposure differences) included. If, for example, for
a specific film/light source combination, it is determined that a Wratten
47B filter requires 1 EV more exposure than a Wratten 58 filter, (which
requires itself '2 EV more exposure than a Wratten 25 filter to obtain equal
density levels) teen a series of exposures can be made using these differences.
For the first composite the overall exposure might be EV13 through the Wratten
47B filter, EV 14 through the Wratten 58 filter, and EV 14,5 through the
:	 Wratten 25 filter. For the second composite overall exposure might be EV14
through the Wratten 47B filter, EV 15 through the Wratten 58 filter, and EV
15. 5 through the Wratten 25 filter and soon. Since the individual filters
require different but equal relative exposure differences maintained during
the construction of the composites, color balance is kept stable, but overall
composite density is not. Thus the best composite density from this series
of different overall exposures can be determined. By plotting the exposures
used for each filter inthe best composite constructed, one group of points
may be plotted on the exposure graph for this particular band/filter
combination. Once two groups of points, each representing a good color
composite overall exposure for a specific band/filter combination have been
plotted, the graph can be completed.
CONCLUSIONS
Several critical points are worth mentioning again to assure that the
color composites are correctly constructed:
1. During the actual photographic construction, several exposures
are made oil
	
same sheet or game of film; the film is not
removed or advanced during these exposures.
2. All exposure measurement values of the various bands are made
through the camera/lens assembly on the ground glass using a
F	 fixed a'erture This aperture may change depending upon thep
actual responses of the various bands during the copying process.
^	 a
3. The individual exposure measurements of the bands to be used are
i	 mathematically averaged and then referred to the exposure graph
for the exposure setting of each band/filter combination.
3-62
CAMERA SYSTEM
1
1
1
NO. 25 (RED) CN0, SS (GREEN)	 NO. 47B (BLUE)
'	 WRATTEN FILTERS
ot
HISS	 DOSS	 MSS
BAND 7	 BAND S	 BAND 4
!	 7
I t	
LANDSAT IMAGERY
^	
,	 I	 I	 t	 t
REGISTRATION SHEET
I	 ^
LIGHT SOURCE
j	 1
xa
Figure I-7. This schematic diagram illustrates the photographic technique for
1
	
	
constructing color composite images. A camera, color film, colored filters,
LANDSAT imagery, a registration'sheet and a light source 'are employed. Note
that all three bands are placed separately on the registration sheet for
copying. The band/filter combinations' shown in the diagram above are used to
produce simulated false color infrared composites, Different band/filter
combinations will produce differently colored composites.
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Figure 1-8.
	 Example exposure data for the construction of a simulated false-color
infrared three band color composite using a conventional light table or a
flashbox.	 LANDSAT MSS Band 4 is combined with a Wratten 47B filter, Band 5
with a Wratten 58 filter, and Band 7 with a Wratten 25 filter. 	 Different
d exposure curves must be derived for different film speeds and/or different
band/.filter combinations, as explained in the text.
1
*Exposure values (EV) are those unique combinations of shutter speed and
aperture which yield the same exposure. 	 For instance EV 13 represents the
combinations 11125 second at f/8, 1/60 second at f/11, 1/30 second at f/16, etc.
I,
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APPENDIX IT
PROCEDURAL MANUAL
REMOTE SENSING AS AN AID IN DETERMINING THE WATER
CONTENT OF SNOW
1.0	 Introduction
This procedural manual describes the use of Landsat data. in
combination with conventional ground snow course data to provide an
estimate of watershed or subbasin snow water content. The technique
I t is designed to be readily implementable in current operational water
runoff forecasting models. Only a small initial capital investment
is required and man-time requirements need not be substantial. The
technique is designed to complement current snow measurement methods
by providing spatial informat ion on snow water content. Consequently
it permits more accurate estimates to be made on a basin or subbasin
	 j
basis Normally, snow water content estimates are obtained directly
from ground-based snow course or snow sensor measurements. the
procedure described_ herein introduces a stratified double sampling
approach that relates the ground-based estimates to snow areal extent
data ,gathered from Landsat imagery. The resulting relationships enable
low-cost remotely sensed data to statistically characterize the
spatial and temporal variability of specific snow depletion environ-
ments sam led . withp	 ground snow course data. In this manner,
_	 satellite data can be used to determine the weight assigned to ag	 g
particular snow course measurement and also to provide more frequent
{	 assessment of snow water content.
For determining snow areal extent, itself, this technique
utilizes the Landsat-based procedure described in our Snow Areal Extent
Procedural Manual as the remote sensing input. However, non-Landsat
remotely sensed data types could potentially provide useful
information to characterize the spatial variability, watershed-wide
with respect to snow water content. For example, meteorological satellite
data could be used with the Snow Areal Extent Procedure to provide more
frequent (daily) information, although of lower 'Spatial resolution, basin-
wide. The technique can also be refined by the user, if desired,
to include machine processing of the satellite data.'
r	 2.0 General Approach
The following provides anoverview of the remote sensing-aided snow
s
water content estimation procedure.
M1	 ^	 4'	 I
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Sample Design and Measurement
A stratified double sample method is used to develop a basin-wide
estimate of snow water content. Under this approach, snow water content
information for the whole watershed, as obtained inexpensively on a
sample unit basis from Lan.dsat datais combined with that gained from
a much smaller and more expensive sample of ground-based measiArements
at snow courses (see Figure 13). The result is a basin-wide estimate
of snow water content based on Landsat data calibrated by regression
on snow course data. Since much of the watershed snow water content
variation is accounted for by information gained from the Landsat
sample stage, an overall estimate of basin snow water content is possible
at more precise levels than available for the same cost from
conventional snow course data alone.
4
LI A
The sequential sampling/measurement process proceeds by first
locating a sample grid over the watershed. Snow areal extent estimates
are quickly made for each sample unit by manual techniques (See
Snow Areal Extent Procedural Manual) for the previous snowpack build-up
dates and then for the specific forecast date. 	 The snow areal extent
data is then combined by a linear equation to generate an index parameter
that is correlated with snow water content information that is specific
to the forecast date for each sample unit.	 This linear model is
designed to reflect the relationship between snow areal extent and
snow depletion behavior, and is specific to the watershed being studied.
Some users may choose to develop more complex, physically realistic
areal extent-to-water content transformations.
By specifying the precision and level of confidence desired in the
basin-wide snow water content estimate and by considering measurement
costs in relation to the available budget, one is able to calculate
the necessary ground subsample size.	 Ground snow water content measure-
ments are then allocated to Landsat-based snow water content-index
classes (strata) according to weighted random stratified sampling
procedures.
F1Regression relationships are developed between the Landsat
snow water content index data and the ground snow water content measure-
ments.	 These equations are then used to correct all Landsat-based
data by ground values of snow water content. 	 The ground corrected
values of Landsat-based snow water content information in each stratum
or class are added to give a total basin-wide estimate of snow
water content, together with an associated precision statement.
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STRATIFIED MULTIDATE LANDSAT DATA PLANE
CALIBRATED BY SNOW COURSE MEASUREMENTS
41	 I FOR WATERSHED SNOW WATER CONTENT ESTIMATION
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( Figure 13. Stratified Multidate Landsat data plane calibrated by snow course
measurements for watershed snow water content estimation.
1
Results and Their Applications
The Landsat-aided snow water content estimation procedure is
designed to generate an estimate of total watershed snow water content
and an associated statement of precision for a given forecast period.
The estimate may then be related by regression equations directly to
basin water yield for a given period. Or the statement may be used
as another predictor variable in current snow survey or river forecast
equations. Grid overlays, when placed either on watershed maps or
directly on Landsat imagery, give a location-specific estimated snow
water content index for each sample unit. Such information can
be used to produce improved hydrologic modelling procedures incorporating
i .	 this spatial data.
	 },
Performance Criteria	
s	
f
`	 Performance criteria for this procedure consist of 1) the precision
	
^'
and accuracy of the estimate of snow water content over the watershed
'	 versus the cost of making the estimate, 2) the timeliness of the estimate;
and (3) the value of any in-place map products of improved quality that 	 };
can be produced through use of the procedure.
	
f
3.0	 MATERIALS AND METHODS(,.,
The stepwise procedure for estimating snow water content with the
j	 aid of remote sensing is described below:
Step 1:
	 An overall plan should first be 'developed which will
facilitate adoption of the remote sensing-aided snow water content
	 r
'	 estimation procedure by the user organization.
	 This implementation	 __}
plan should consider (1) available budget, (2) requirements for either
	 I°
training or obtaining image interpreter(s), (3) type of products 	 a^^
desired, e.g. watershed and/or sub-watershed
	
estimates or in-place
snow water content maps (4) performance requirements in terms of estimate
precision and satellite image acquisition to forecast turnaround time
requirements interface o	  _(5)	 f the sno	 water content procedure with
current operational forecasting operations, and (6) startup equipment
`	 (stereoscope, photographic laboratory facility) and labor requirements.
e	 Step 2	 Color composites should be prepared from Landsat imagery
and/or from other satellite imagery types, (e.g. weather service)
{{	 and the appropriate image sample unit (ISU) grid should be placed over 	 c	 3=
a	 i	 each watershed of interest.	 In the performance of this step, black-and-
white Landsat transparencies should be obtained (e.g. from the EROS 	 R^
Data Center) and transformed into a simulated infrared color composite
by a sample photographic procedure described in our "Snow Areal Extent
	 ^.
Procedural Manual".	 In the color-combining process, an ISU grid is
_	
t
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iIt ^? randomly placed over each image so as to cover the watershed of
•	
f. interest.	 Watershed boundaries should be located on the satellite
imagery from 1:250,000 scale U.S. Geological Survey topographic data
a via use of optical rectification devices (if available) or by manual
transfer from map to image.	 A complete description of the boundary
and sample grid overlay is given in the Snow Areal. Extent Procedural
Manual.	 Grids on all dates must be in common register. 	 Square image
sample units each 400 hectares in size, are recommended. 	 This
size is large enough to stabilize variance and small enough to give
location-specific snow water content-related information at reasonable
a cost.
	
The user may choose to modify . these image sample unit dircensions
as experience is gained.with the estimation. procedure.
Ilk
Step 3:
	
The snow areal extent should then be estimated for each
Landsat ISU for previous season(s) or current season snow build-up dates. -
. Each ISU should be interpreted, manually, as to its average snow areal
extent cover class according to a snow environment-specific technique
described in the Snow Areal Extent Procedural Manual. 	 Previous dates
of imagery used should include: 	 1) one of the images ,covering the
average date of maximum snow accumulation in an average snow year;
2) at least one image from an early season snow date in the current
Jr snow season; and 3) if possible, another image from a date well into
the snow season representing average snow distribution for that date.
` As will later be discussed in Step 5, these previous snow season images
are used to maximize the correlation between the satellite-derived
snow water content indices and ground measurements of snow water content
" for any given sample unit on the forecast date in question.
Step 4. Snow areal extent should be estimated by ISU for Landsat
snow season forecasting date of interest, again using the procedure'
$ described in the Snow Areal Extent Procedural Manual. 	 Length of the
delay that can be tolerated between image acquisition by the satellite
and imagery receipt by the user will depend on the.use of the snow water
content estimate. 	 A very short turn-around time 	 (hours) will be
required for weekly or sub-weekly water yield forecasts, but longer times'
usually will be satisfactory for monthly or seasonal forecasts.
Step 5: _ Snow areal extent data should:-next be transformed to snow
water content data by Landsat ISU.	 Snow water content is estimated
from the following first order, time-specific model, designed to reflect
- physical snow depletion' behavior in a` given' melting environment:
J	 l
P X. - 
^l(M	 (G(Gj) 
Ki	
i
s
where Xi = estimated snow water content index for image sample unit i,
correlated to corresponding actual ground snow water content data,
t	
•E
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M,, = snow cover midclass point based on photo interpretation;i^	
expressed on a scale of 0.00 to 1.00 for image sample unit
i on the jth Landsat snow season date,
y r	 Gi = weight (related to snow depletion zone behavior characteristics)
assigned (0.00-1.00) to a past Mij according to the date of
,F
	the current estimate,
j ' (	 Ki	 the number of times out of j that sample unit i has greater
f	 than zero percent snow cover, and
J	 total number of snow season dates considered.
}	 The basic assumption of this simple model is that the greater the sum
of areal snow extent over all dates usedand the more often snow is present,
the higher will be the expected snow water content. This model is
most appropriate in mountainous environments. Each user may want to
h	 specify a more sophisticated, and more physically realistic model for 	 -
dd
	 his own watershed(s).	 -
I^
Definition of the weighting factor, G•, will be watershed specific. 	 g
Generally, weights should approach 1.00 as J the dates of imagery approach
the date of forecast. The justification of the weighting relationship
is that successively more recent climatic events have progressively
more importance in determining the actual snow water content on the
forecast date in question. To insure reasonably high correlation -
between Xi and corresponding snow water content values, there usually
should be at least three snow season dates considered (j > 3). Normally,
one or two dates of Landsat imagery would be required during the early
snow accumulation season. Occasionally, j may be only two, such as
a	 when the first date consists of an April 1st snow water map,_based -
on the past year's Landsat data, and the second is the current early
snow season date in question. In all cases the sample unit grids
on all dates must be in 'common register with respect to a base date
grid location. -Starting initial weight suggestions are 	 0.25 for
e	 i
the previous year image that is representative of an average maximum
snow accumulation date; 0.50 for the early snow season date; 0.75 for
dates occurring a month or two before the forecast date; and 1.00
for the forecast date and for all dates occurring within one or two
t.	 months prior to the forecast date.
Step 6: The ISU's should nextbe classified and summarized into
1:•
snow water content strata. Stratification is used to minimize the
variance of the final snow water content estimate. Without prior
experience on a given watershed, it is best to define two or three
strata for first implementation. These strata can be defined by
dividing the range of ISU snow water content index values over the
watershed into two or three natural groupings (seen by plotting snow
f
t
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water content index versus number of ISU's).
	 If no natural groupings
are present, then the range of ISU snow water content index values
should be divided into two or three ranges having approximately equal
numbers of ISU's in each stratum.
After each ISU has been coded as to its stratum, the number of
ground sample units (GSU's) consisting of snow courses required to
1 satisfy the precision user criterion (allowable error), as
t' established by the user for the snow water content estimate, should
j be calculated by stratum.
	
(The procedure which our group would
consider most suitable for sample size determination on the ground
is in the process of development).
Initial implementation of this	 procedure requires previous
j information regarding the variability, in each stratum,of the snow
water content index, and also a ` determination of the correlation between
t - ISU and GSU data, the total number of ISU's needed per stratum, and
average ISU and GSU costs. 	 This data is most efficiently gained by
obtaining Landsat data for a previous snow season that was as similar-
} to average as possible. 	 Steps 1 through 5 should be followed for a
l!^ mid-season snow date.	 The stratification portion of Step 6 should then
f be performed to classify ISU's into strata from which the total
number of ISU's per stratum is immediately gained.
	
The variance
4 in Landsat'snow water content index by stratum can then be calculated
by the standard statistical formula for variance. 	 Next, current
ground snow courses and snow sensor locations should be determined
relative to the given ISU in which they fall. 	 The overall correlation
coefficient between ground snow water content measurements and
Landsat-based snow water content index values should then be calculated
for the matched ISU's and GSU's.	 Additional correlation coefficients
also should be determined for each stratum if a sufficient number
s.I (e.g.` > 10) -of snow courses exist for each stratum.
Image preparation and interpretation costs should also be
documented during this initial exercise. 	 Labor, materials, and overhead
costs should be documented on an ISU basis as in the example given
;T4 in Table	 1	 Cost per GSU (snow course) measurement can best 	 be
a. developed from the individual user organization's pre-existing data.
All cost data for sample allocation should represent operational costs.
Step 7:
	
For the first year of actual implementation, the calculated
number of GSU's per snow water content index stratum should be
allocated for given ISU's in those strata. 	 This allocation should be
based on equal probability selection from the tabular summaries of
zSiT's generated in Step 6.	 Consequently, ISU's should be numbered`
from 'l to Nh in a given stratum and a random number table (or calculator/
computer analogue) used to select the calculated number of ISU's to
,^. which GSU's will.be matched.
,,
i
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TABLE 1.
	
EXAMPLE CALCULATION OF IMAGE SAMPLE UNIT COSTS
MANUAL SNOW WATER CONTENT INVENTORY]
FOR A LANDSAT-AIDED
Total Cost Cost per ISU2
1.	 Pre-Inventory
A.	 Image Acquisition
3	 LANDSAT dates_with
1i 3 bands per date
@ $3 per bands the costs
of 2 of these dates amortized
over 5 dates
	 $12.60 i
Resource Photography
(Medium Scale .Aerial
Photography for Image
Analyst Environmental
Type Training)	 $14.29 $.0063
\. B.	 _Image Sample Unit
Grided LANDSAT-Color Composite
Print Generation
Film, Processing,	 and
Printing
' 3 dates @ $11	 per date
The costs of 2 of these
dates amortized over 5 dates
	 $15.4o $.007
Labor
0.5 hours per date @$13.50/hr-
including overhead, 3 dates,
the costs of 2 of which are 1.
t
amr_, rt i zed over 5 dates	 $ 9.45_ $.004
1,	 Cost data based on 	 1975 University of California figures.
r I ha
2.'	 Cost per	 image sample unit assuming 2218	 (780,000 test watershed)
t €jimage sample units	 in the watershed(s) of 	 interest.
and twos. 3.	 Two $500 flights amortized over 5`years, 7 dates per year, 1
watersheds.
y .Y
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TABLE 1	 (continued)
Total Cost
	
Cost per ISU
11. Inventory
A. Interpreter Training
l	 hr per date, @ $13.50/hr
3 dates, the costs of 2 of
Mod which are amortized over
5 dates $18.90 $,009
B. Image Interpretation
Ave. 6 hrs per date
@ $13.50/hr
	
(2218	 Image
Sample Units)
-^3 3 dates, the costs of 2 of
0. which are amortized over
5 dates $113.40 $.051
C. Deta Keypunching
6 hrs per date @ $13.50/hr;
•t
f ! 3 dates, the costs of 2 of
which are amortized over
5 dates $113.40 $.051 
D. Computer Analysis of
Image Analyst Results
r
0.075/hr @ $40/hr $ 3.00 $.001
k
E. Se.lection of Random
Numbers to Define Ground
1 Sample Units
>R
0.5/hr @ $13,50/hr amortized
over 5-dates @ $13.,50 /hr $	 1.35 $ .001
TOTAL $301.79 $.136
"1
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The snow course or sensor should be located in a `snow accumulation
and depletion environment representative of the average of such
environments covered by the given ISU. If it is not efficient to
reallocate an already established network of snow courses and sensors,
then the snow water content stratum should be identified for each such
ground unit by determining the stratum associated with the ISU
covering that ground location. After several years of using this
remote sensing-aided technique for snow water content estimation, the
user may find it desirable from a precision (i.e. variance control)
standpoint to reallocate some ground courses to achieve the optimum
stratum-by-stratum GSU sample sizes calculated previously. However,
before this is done, updated GSU sample sizes should be calculated
using stratum-specific ground or image snow water content variance
data averaged over successive seasons.
Step 8:	 Estimates of watershed or sub-watershed snow water
content should be calculated, using the equation described in
step 5.	 She values thus obtained should be entered into statistical P]
or physical models to predict water yield.	 For example, the user could'
i employ the remote sensing-aided snow water content estimate as an input
variable in a regression equation for predicting water runoff.
Step 9:
	
Finally, the utility of the above-described procedure
for using remote sensing as an aid to estimating snow water content
should be evaluated in meeting the water yield forecasting
organization's legal or contractual requirements. 	 Utility can be
f judged by new information g3ined (e.g'. watershed physical. relationships), n
forecasting accuracy or precision improvement, cost savings, or
forecast timeliness.	 Information gained on the precision/cost
effectiveness of the procedure and the sensitivity of the water yield
forecast models to the resulting snow water content estimates can be
1
used to:
' 1) refine the model(Step 5) used to calculate the snow water
content index,
2) better define snow water content index strata,
3) generate better GSU sample sizes and allocation strategies,
. d'
4) refine the actual snow areal extent interpretation and imagery
enhancement and analysis procedures used in Steps 2, 3 and 4•
1
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Procedural Manual Outline
. REMOTE SENSING AS AN AID IN WATERSHED-WIDE
ESTIMATION OF WATER LOSS TO THE ATMOSPHERE
I. INTRODUCTION
r
1
A.	 Need for the data on evapotranspiration (ET) for water yield
l forecast models.
B.	 Importance of evapotranspiration iii agriculture, silviculture,
reservoir operation, etc.
C.	 Impact of remote sensing techniques in aquisition of required Ty
data for evapotranspiration estimation
` Il. OBJECTIVE
A.	 Objective of this procedural manual
B.	 Definition of terminologies used for maximum potential, potential,
and actual evapotranspiration
III. MATERIALS AND METHODS
.;^ A.	 General approach
B.	 Multistage statistical sampling design
C.	 Three information levels
D.	 Required input data and data source
E.	 Physical modeling of evapotranspiration
-	 i F.	 Stepwise Procedure for Integrating the Above
IV. EXPECTED RESULTS
d A.	 Areal distribution of input parameters to ET models
^ B.	 Watershed-wide distribution of evapotranspiration based. on
' level I models
V. IMPLICATION OF RESULTS
A.	 Application of ET results in RFC hydrologic model
B.	 Evaluation of RFC model output after using ET models results as u;
a direct input
' C.' Direct comparison of the ET models results with available
conventional data on evapotranspiration
^v^
VI. CONCLUSIONS
A.	 General conclusions
l B.	 Importance of remote sensing i1
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i |
	 A. Application of the methodology developed in this inVontigotion
	
`' |
	
`	 t''tbo Middle Fork of the Feather River Nu
'
 crshuJ, Northern California u I
`j
l
	
'	 APPENDIX IV
1
Procedural Manual Outline
a
REMOTE SENSING AS AN AID IN WATERSHED
;
}
-WIDE ESTIMATION OF SOLAR RADIATION
I. INTRODUCTION
f	 A. Need for the data on solar radiation components for evapotranspiration
t .`	 and hydrologic models'
B. Impact of remote sensing in acquiring solar radiation data
;
II. OBJECTIVE
a
A. Objective of this procedural manual
B. Definitions of terminologies used for several solar radiation
components
III MATERIALS AND `METHODS
	
l	 A. General approach
B. Required input data and data source
l	 C. -Physical modeling of shortwave and longwave radiation
IV EXPECTED RESULTS
A. Areal distribution of watershed parameters, i.e., boundary,
{ elevation, slope, aspect, etc.B. Watershed-wide distribution of net shortwave; net longwave, and
net solar radiation
C. Implementation of net solar radiation data in hydrologic models
D.. Stepwise Procedure for integrating the above.
r	 V. CONCLUSIONS
A. General conclusions
IB. Importance ofremote sensing
VI. CASE STUDY
A. Application of the procedure developed in this investigation to
the Middle Fork of the Feather River Watershed, Northern California
.
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APPENDIX V
Project Outline a
ri
REMOTE SENSING AS AN AID IN THE INVENTORY AND MANAGEMENT
t' OF THE MULTIPLE RESOURCE COMPLEX FOR A GIVEN WILDLAND AREA
r,
i
X4.1 I. INTRODUCTION
t
A. Usefulness of information`oil multiple resource complex inventory for
planning and management of a. forested area
B. Role of remote sensing in acquisition of information with respect to
various types of resources an an area
i
II. OBJECTIVES
A. General Objective of the project
B. Specific Objective defined with cooperation of U.S. Forest Service at
Plumas National Forest and Plumas County Planning Department
{
:_1
III. METHODOLOGY
1
A. Definition of the resources
	
(e.g., soils, vegetation, etc.) to be a
inventoried
B. Development of a statistical sample design and .measurement specifica-
tion for collecting the desired information
C. Identification of available data sources
D. Collection of required satellite., aircraft, and ground-truth; data
- E. Analysis of the acquired data and documentation of the analysis pro-
cedure for various types of resources
j IV. RESULTS AND CONCLUSIONS
A. Preparation of results
B. Evaluation of the results
{ C. General concluding remarks and evaluation of 'remote sensing, techniques
^^
in providing required data for such an inventory
R
V. CASE . STUDY
y
A. Application of the procedure developed in this investigation to an area
selected jointly by U.S. Forest Service at Plumas National Forest,
Plumas County Planning Department, and Remote Sensing Research Program
VI. PREPARATION OF PROCF-.DUIZA[, MANUAL,
f	 ^y
t
E
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Chapter 4
PROCEDURAL 11ANUAL FOR DEVELOPING A
GEOBASE INFORMATION SYSTEM
INTRODUCTION
During the past several years personnel of the Geography
Remote Sensing Unit (GRSU) on the Santa Barbara Campus of the
i
University of,,California have concentrated their work under
this NASA grant on the performance of remote sensing-relatedi
i water demand studies in the predominantly agricultural lands
i
of Central California.	 In the course of this work it has be-
come increasingly apparent that greatly improved efficiency
1
could result if a geobase information system could be developed e's r,
that would permit remotely sensed data to be used in con-
junction with conventional resource inventory data in inven
! torying an area's "total ,resource complex" 	 A first draft of
the Procedural Manual that might be used in developing such
a system is presented in this chapter. }
It is to be emphasized that such a Procedural Manual is
i
complementary to, rather than duplicative of, the one currently'
being developed by personnel of the Remote Sensing Research
1	 j^
Program on the Berkeley Campus.	 It is true that the manual
being developed by that group also seeks to ps-ovi:e a step-
wise procedure for using remote sensing-derived information
} in the inventory; of an area's "total resource complex".
n
However, the area being dealt with by that group is an almost
entirely wildland area in California's Sierra Nevada Mountains
where timber and fora¢e production are primary resource man-
agement objectives.	 Furthermore, the ancillary data per-
4- 1 {
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taining to that area's natural resources is likely to be
of a significantly different nature than the ancillary data }.	 J
pertaining to California's Ventura County--the coastal area
A
in which efforts of our GRSU are being concentrated.
Before proceeding further with the subject matter of the }
present chapter we wish to invite attention to Special Study
No.	 1 of Chapter 7 in the present Progress Report.	 That study
w
^	 }	 t
serves to summarize some of the considerations, as viewed by t
our GRSU personnel, that are involved in the development of
a decision-oriented resource information system that incor-
porates remotely sensed data. 	 Bence it provides some highly
pertinent background information with respect to the Procedural a.
Manual that appears in this chapter.
Within this chapter we will detail those procedural steps i
necessary to produce merged, registered Landsat-derived land
cover and digital terrain data sets, as information sources
t^
toward the inventorying of the "total resource complex."
The steps that follow here involve the image processing of Land-
sat/MSS (multispectral scanner) and DMA (Defense Ma pping Agency)
digital terrain tapes.	 This processing requires considerable
Al
computer software to manipulate the data sets into compatible,.<
geobased formats. 	 Because of these processing requirements, 	 it
is recommended that only agencies that are planning to develop i
F	 fairly sophisticated image processing; capabilities attempt' to
'	 follow these procedures.
	 Such considerations exemplify the
+j
X31i'
t ^
crucial decision that resource management agencies must face
in determining whether or not to develop a. geobase information
system, with remote sensing ca:pabilites . 	 pAGE I
.tIGINAL
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Information requirements of resource management agencies at the inter-
national, national, state, regional and local levels continue to expand.
j
To effectively inventory the total resource complex, resource managers are
faced with the need to store, update, and access environmental data in an
^.
,a	 -ccurate and efficient manner. The approach taken by this research effort,
as an attempt to offer solutions to these resource management needs, is:
A.
1. Conduct a survey of information requirements of county level
s	 -	 resource managers using Ventura County, California as--the prime
example.
2.
rl	
, Derive a land cover classification of the two topographic quad
study areas from geometrically rectified Landsat/MSS data.
3. Merge the classified study area data set, with terrain data
t;	 (elevation,slope, and aspect) from a Defense Mapping (DMA)
1 digital terrain tape, in the context of an image-based infor-
mation system.
a	 4. Determine habit zones of various flora and fauna by interrogating
s	 the merged land cover and terrain data sets in conjunction with
UJ1
 l
pre-determined biological habitat charactersi°tics i.e vegetation/
elevation/aspect.
The general approach as outlined above will seek to implement a digital
'T 	 a
information storage system that utilizes remote sensing inputs for resource
managers at the county level. Each of the above tasks are described in
greater detail i n the following pages.
A
UY
y
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IMPORTANT BASIC CONSIDERATIONS
r	 The Need for a Survey of County Level Reso-Urce Ianagomant Infori ;ati on, eeds_.
The operational downfall of many geographic information systems in
the past has been the result of _a failure to meet the needs of the intended
user. All too often packaged systems have been purchased and implemented,
	
la {	 with littl'e consideration of what the user agency requires. Ideally an
information system should be custom designed to meet user requirements.
i
But even if an interested agency purchases a_marketed system., the designers
n	 must consider the characteristic elements of a user's information needs
	
4 i
	 such as resolution, timeliness and formats.
n^
The initial step in our approach has been to request from the Ventura
County Public Works Agency their highest priority information requirements.
From the list of requirements an assessment was made as to which categorical
needs could be met by merging remote sensing data with another data type 	
r
in the framework of a demonstration project. The highest priority re-
quirements as determined by those agency members with which most communi-
	
:1	 cationsweremade were involved with determining land cover and terrain.
	f	 A secondary interest of crop, identification in the Oxnard Plain agricul-
tural region was also stated, and chosen to be a secondary focus of the
research effort:
The Ventura County Board of Supervisors are currently applying for
financial aid from the California State Office of Planning and Research
(OPR) to conduct an in-depth survey of the information requirements of all 	 4'
county agencies involved in resource management activities. The survey 	 j
will be conducted,^ath a careful minimization of biasne;ss,by members of 	 J
	
k	 the 'Ventura County Public Works Agency and student interns from UCSB.
	
1 4	 The survey will seek to determine categorical, spatial and temporal
s
4-4	 .
resolution, and output data format information requirements for each
division within all resource-related agencies. GRSU researchers will
n
.
then determine the optimal data source (including remote sensing) as well
as how the data is to be incorporated into the information system.
Ventura County personnel will make the final decision on priorities for
'	 implementation of each data type.
Factors Involved in Deriving _a Land Cover Classification from Landsat/MSS Data_
As the two high priority information requirements involved the deter-
.
mination of surface cover types at a fairly coarse spatial resolution
level, it was decided upon to use Landsat multispectral data to derive
.,
	
	
q
this information. The study areas chosen to make the analysis are the
areas represented by two 7.5 minute topographic quad sheets. The flora
and fauna habitat study area is represented by the Matilija Quadrangle and
a predominantly agricultural area by the Oxnard Quadrangle., Land cover
classification and other data sets will be merged on a quad-by-quad basis.
The Ventura County agencies are planning to develop DORIS so that the 7.5
minute quad is the working storage base.
A digital approach isbeing utilized and will thus be the scope of i
analysis in this section and in the Procedural Manual that follows.
Consideration of manual remote sensing derived classification will not
be discussed here. Readers are referred to references that discuss the
manual vs. digital approaches to Landsat derived classification.
The 'geometric 'correction of the raw Landsat data is best accomplished
prior  to classification so that the scene is as close to orthometric.-as
}	 possible. This becomes necessary when developing a geographic-based
f 1
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information system, as data values must representtheir true geographic
location. Rectification has been achieved through a two-dimensional
{	 least squares fit technique, as part of fiha DIRS image processing software
package. This method requires the selection of accurate ground control
points from the Landsat scene (Goddard Space flight Center, 1976).
Statistical techniques in the digital machine processi ng of Landsat/	 !
MSS data for land cover classification have been the focus of a great deal 	 -
i
of research in the past ten years (Anuta and MacDonald, 1971; Su, 1972;,
Steiner, 1972). The general progression of processing steps its as follows]
i
(Lintz and Simonett, 1976):
a. Determination of class categories
b. Feature extraction
f	 c. Pixel classificaiton
d. Output of classification results 	 4
Statistical approaches to the classification vary from supervised to non- 	 i
supervised and parameter to non-parameter. Supervised classification
involves the selection of training fields for each class, where the
{	 feature_ extraction phase simply derives class statistics (mean, standard
deviation, covariance matrices) as a model for subsequent classificatton.
Non-supervised classification involves the grouping of pixels into classes'
according to the similarity of their multiband reflectance characteristics.
4
Classification is then based on the statistical feature extraction of the '`clus
tered" groups. Parametric and non-parametric approached differ on the assmption
E{\ 
^,,	 of a gausian distribution of spectral values, and thus go about a
different means of deriving classification statistics.',?
t	 ,
a	
,
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Asupervised,t  approach 7s bung: used .o class y i=y land
cover in the Ventura Study areas. This method was decided upon after
considering the time and costs associated with the varying approaches, Arid
the availability of in-house processing software and literature pertinent
?	 to the subject. The software used to derive the classification is
LARSYS, created at the Laboratory of Applications for Remote Sensing (LARS)
at Purdue University. The actual classification algorithm uses a maximum-
likelihood rule.
Th classification of the Matilija Quad study area for flora and fauna
habit assessments is based primarily on natural vegetation.cover classes.
These classes are of a level significant to the general vegetative class
scheme associated with the habitat zones. They are:
	
i
• Coastal sage scrub
,I
• Chaparral	
i
• Oak Woodland	 -
• Grass Lands
• Non-Vegetative (Barren and Urban)
• Fresh Water
i
• Agriculture (crop types for the Oxnard study •area)
,
Factors Involved in Merging the Land 'Cover and Terrain Dat a Sets
r 'I	 To explore the synergistic charactersitics of merged data sets in
an image-based information system context, the Landsat derived land cover
El
data is being registered with the terrain data of the DMA digital terrain
tape. This merged geocoded data set should provide the information necessary
to determine the flora and fauna habitat zones required by Ventura County
,r
;
r	
resource managers.
M 4-7
w	 •
I
jj
f
-, Registration is	 achieved by finding ground control or tie 	 points,
relating Landsat pixels and terrain grid cells that .represent the same
i
E
geographic location.	 This	 is achieved digitally through a computer 	 -
algorithm, after the selection of tie points. 	 Upon registration, the
stacked data	 sets become four levels of a 	 digital	 image-based information
system.
	
These ; levels. are:
1,	 Land cover
2.	 Elevation
3.	 Slope
4.	 Aspect
Levels 3 and 4 are calculated by simple software routines from the raw
elevation values	 of theterrain tape.	 This is discussed further in the
Procedural Manual	 that follows.	 By referencing the ,digital values to a
geographic coordinate system, the data sets become geocoded.
Considerations in Determining Habitat Zones by Interrogating Registered
Data Sets
i
The interrogation of registered, image-based data sets by extracting
data	 for pertinent locations, requires fairly sophisticated information
system's software.	 To utilize this data, one must be able to access any
point	 (grid cell),	 line	 (chain of grid cells)	 or polygon area (grid area
within 'a connected chain of grid cells).	 An image-based system is based -
rrI on the raster grid as the smallest data storage cell. 	 Thus, if data is
needed for a polygon delineated area, a polygon=to-grid transformation	 °'{
r
e" i s	 necessary.
The determination of potential	 habitat zones will	 be derived from
f
!-; certain land cover and terrain information criteria. 	 ;his is based on
f natural	 history research conducted by Ventura County flora and fauna experts. 	 a
i,
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STEP-WISE PROCEDURE
1i
NOTE.
	
The purpose of the 'p rocedures- ^	  	 p 	  discus r
-ed in Special Study No.h.*
is to establi sh the information re.uiremonts of the county level resource
manager and to design an information system utilizing remotely_ sensed
data that will most efficiently meet most of these information require-
ments. An analysis of the improved efficiency of a geobase information
=	 system utilizing remotely sensed data over ,
 conventional resource inventory
data handling is a difficult tusk. By analyzing the derivation of a
few of the major .information categories I n
 the context of a geobase
i n,formati on system, we can begin to realize the effici ency i mplications
i	 of the system. This section will detail those procedural steps necessary
ILI
to produce merged, registered Landsat-derived land cover and digital
c	
terrain data sets, as information sources toward the inventorying of the
	
(	 "total resource complex." The steps that follow mere involve the image
processing of Landsat/PASS (rrultispectral scann, r) and D,1A, ('Defense Mapping 	 N
Agency) digital terrain tapes. This processing requires considerable	 1
computer software to man i pulate the data sets into com patible	 eobased.	
_ p	 P	 , g	 a
UZI formats	 Because of these processing requirements, it is recommended
that only agencies that are planning to develop fairly sophis';;cated image
processing capabilities attempt to folio. ,/ these procedures. Such consider-
.
ations exemplify the crucial decision that resource management agencies
(	 must face in determining whether- or not to develop a cieobase information
s ystem, with rerinth sensing capabilities.
* See Special  S t.wly "o. 1 in Cha,)'Ler I of L. J s ro^nrt
All
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S tep 1.
	 AccLuisition of Landsat Computer Compatible Tapes (CCT'):
	 The
r
j;
_
initial	 step is	 to acquire the mult:ispectral	 data	 contained within a
( Landsat/MSS computer compatible tape,.	 A CCT may be [rurchased from the
} EROS Data Center (EDC)
	 in Sioux; Falls,	 SouLh Dakota for $200.	 The
selectian of the appropriate date of image data
	
is critical	 and should
fl be made only after reviewing the search list of available data products
published by EDC.	 This list contains such information as the date of
{ imagery available, amount of cloud cover, and image cover coordinates
for any requestedfranTe.
` - A particular date of irtng: ry must be considered fo; , both tare
:i
season of year in which it was imaged and the characteristics of the
data as influenced by both the sensor system and the environment. 	 Particular
seasons of the year yield more significant land cover classifications
th_n others due to a greater	 separability	 of si;natures for varying
cover types.
	 If-there have been no prior studies into the selection of
the
	 ontiww,,1 season for classifying a	 particular region,	 a; survoy of
the literature may yield such information fT"nm research of an area of
SlI'iTl l ar" 	 C11\+ l1"01: f'i:,tal	 Char,c.^:.eristics.	 PcT"cen -l zoe` 	 of	 cloud	 cover
is	
all
	 consideration,	 with little or no cloud cover desirable.
Because no Cloud conf er is allowable for the area to be	 classified
	
i_t
is	 important that all 	 fi ln. product be	 studded before acqui ling a
CCT.	 Image 'cover coordinates s.how	 whether or not the area of -interest r
is whol el y contai ned within the La ndsa t scene	 (which males the i mage
processing and subsequent classification considerable casier).
}
f
r.
f
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Tate,^ Z•- Acquisition of Dgyital Terrain Ta?ps:
r	 To acquire a Defense Mapping Agency Topography Center (DMATC) dig ,; ,1
'f terrain tape one needs only to make an order 	 to the National	 Cartograpf.ic
k Information Center	 In Reston, Virginia.	 The digital	 data computer tape
version of	 an	 Ar°rvy Mapping Service (AMS) 	 1:250,000 scale topographic
-1 quadrangle map can Le, purchased for about $27. 	 The accuracy of the
original	 A11S topographic model 	 has often varied from quad to quad, with
the digital terrain tape for that model 	 acquiring these inacurracies.
4 Information concerning the accuracy of individual 	 tapes may be obtained
` by 'contacting the Office of Research and Technical 	 Standards, 519 National
^X Center,	 Reston, Virginia,	 22092	 (telephone:	 703-860-6291).	 If a
particular tapes inaccuracy or inherent resolution grid is too gross
f, to meet the needs of the users, they may consider the acquisition of
other terrain data products 	 (e.g.	 USGS digital	 elevation model	 OEM).
4
'
I
Step 3.	 Acce s s Study Area and Obs erve Data Quality_:
Because both Landsat and digital	 terrain data tapes include data
rcoverage	 of areas much larger than the 7.5 minute quadrangle study aea,
the data pertinent to the study area must be extracted . for the total
scenes contained on the tape data. 	 For the Landsat tape, a selected
' sUbimage of the entire scene that is somewhat larger than the study area
is'initially pulled off to improve subsequent classification processes
and reduce the costs of processing unnecessary -data.
	 The terrain data
F
of the study area is immediately extractable from the digital terrain
tapes by physically measuring
	 the appropriate X-Y coordinates, and
►
i inputting this information into an accession software routineDo p ier
	 1977	 .(_	 )t,
f
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	 The alteration of the grid size may be necessary to successfully register
the differing data sets. This is done by resampling the values at
J1	 different spacing intervals, usually within the accession routine.F	 3,	 •
I
Observation of the data quality is achieved by printing line- printer mans1 of the raw data and obtaining film product	 images to examine for trends
of extraneous data.
	 This is particularly important for the Landsat data
to check for striping am other radiometric "gliches" that sometimes
{ occur in the data acquisition phase.
	
If indeed some of the data is
determined to be extraneous, a'- different date of image data may be
I
ii
needed.	 It is important that data quality for the entire area of inter-
r
est be consistent and of the highest order of geometric and radiometric
r
accuracy if it is to be input into an information system.
Step W4 - Reformat Data Sets
In order to manipulate and later merge the raw data sets	 it is
required that the physical
	 format of the recorded data values be altered.
This is due to the fact that no standard fomat exists for the recording
and development procedures of the data.
'Reformatting of	 the raw Landsat-data's physical
	 format is, necessary
so that it mdy be manipulated by most image rectification software
This	 is	 true	 for both the _Digital
	 Image Rectification System
	
(DIRS),
which	 is the software	 being utilized in thi's	 particular research task,
M and the Video
	 Image Coiirmunication and Retrieval	 (VICAR) software
packages.
I' The data must be again altered into a 	 format compatible with the
J classification software.
	 This may not be necessary in the case of
z
"in-house" software development to achieve the same classification of
} multi -spectral
	 data.
w	 r. 4-12 ,3
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/mother forn;at change i s required froin the necessity to have both
`	 Landsat derived land cover and digital terrain data sets in _like-re,,di ng
formats. The data format forthe digital terrain tape which runs frog
bottom to top colnitro by column, should be reformatted to match the
left  t0 right, rc!. by r ^v g's format Cf till 1 andCGVGi' Cl aSS1 fi Catlon data
•
Step	 .;ft 5	 -• Re cti_fy	 Lan dsat	 Data:
The geometric correction of the raw Landsat data will	 be necessary,
'
;s
so	 that the scene	 is asclose to orthometric as possible. 	 Rectification
may be achieved through a t,;;o-dimensional	 least squares	 fit technique,
such asis past of the D1RS image processing software package.	 This
i
method requires the selection of accurate ground control 	 points	 (GOP's)
r
from the Landsat scene,
	
(Goddard Space	 Flight Center,	 1976),	 An
u
accurate,
	 controlled transformation of the image data is achieved -by
creating a mapping function that relates the image GCP's to a
geographical	 map coordinate.	 A transformation achieved by adjusting
the	 data according to the satellite 	 altitude and earth rotation information
is not acceptable.
	 This step will	 become obsolete if and when the
EROS Data Center	 begins to implQrnent the piaster Data Processor, which
r ,
will	 allow one to purchase Landsat CCT's that are already geometrically
corrected.
Most image processing software involved with geometric corrections
-offers the capability of altering the pixel 	 size and shape through a
re- sampling algorithm.
	
Such a capability is necessaryhere if we are
to register the rectangular	 -9 x 57 meter pixel 	 grid of Landsat with the
63.5 me•Ler grid of	 the digital	 terrain tape.	 Within the rectification
pled <and made squae atprocessing,	 the Landsat grid should be re--sam	 r
f_
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a pixel cell size compatible with user needs and output devices.
f
Step # 6: Classify Landsat Scene
The land cover classification of the Landsat spectral data itself,
with the wide variety of approaches that have been used, could be the
subject of many procedural manuals.
	 As has been noted in the previous
section, _a fairly classical
	 supervised_ approach has 	 been ;utilized for
this particular study, and will be expanded upon here.
	 The reader is
'.	 t advised to consult the following references that deal with approaches }R
to Landsat derived land cover classifications 	 (Lintz and Simonett, 	 1976).
The	 initial	 machine processing of the Landsat CCT' entails running
a clustering algorithm i,n an attempt to separate spectrally similar classes.
Through suchan algorithm, one is able to get a handle on the number of
a
spectral
	 classes that are significantly separable. 	 An output map of
' pixels, as
	 they are assigned to a cluster class, 	 is a useful	 tool	 in
r
the selection of training 'field sites_.	 The next step is a careful
location and identification	 of training fields representing each desired
class, as influenced by the decree of clustering and a familiarity with <,
within scene cover types.	 An overlay or zoom transfer projection of a
United.States Geological	 Survey-7.5.or 15 minute topographic map (topo-`
sheet),	 a	 photo,	 or other ancillary map data	 (e.g.	 land use/land cover
j Map), can be used to identify Landsat pixels of known class-types.
Field checks of training site locations are recommended, 	 preferably by
,. -..0 ►°ve	 Note:	 ^t is	 important that trainin g
 sites	 fora	 quick aerial	 y.	 4 ^^ 7
tY ' ate; l iven class repres ent the diversity of con ditions of that class writhin
I the	 sce ne to be cla ssified'.
,.	 { 4-14
The pixel	 boundaries of training sites for each class are then
input into a class statistics algorithm to compute means, standard
deviations and convenience materials.
A divergence or separability measure should follows for 2 reasons:
{ 1.	 To exa ► wine which b :, n i	 combination	 provides optimum separability
i between spectral	 g asses.
E'! 2.	 To determine which classes are hopelessly unseparable.
An aggregation of classes that cannot be separated at a given significant
level	 may be desirable.	 With the derived class statistical	 model,	 each
^ ► pixel	 d{ata ;v alue is	 assigned to a spectral	 class	 (re-presenting a,give:i
jland cover class),	 according to the classification rides of the particu-
lar algorittun utilized	 (e.g.	 maximum likelihood).
Classification results are then output both as performance table
{'	 r statistics and as classification maps. 	 Classification tables give
statistics of test field accuracies, roughly indicating the degree of
classification accuracy. 	 A line printer or film- ,miter output of the
classification- map can be used to systematically check the accuracy
i
training,	 ne,,rof the classification
	
(re-combining classes, creating
classes). 	 The final	 classified reap is	 stored on magnetic tape or disk.
1
S ep "7:	 Calculate Ter rai n	 Informati on
In addition to elevation values from the raw digital 	 terrain tapes,
other terrain information such as slope and aspect can be derived. 	 This i
information can be calculated by simple software processing. 	 In essence
the sof L^-,, rre will	 compute a gradient vector at each point, with the vector
f
I
magnitude as the slope angle data and vector direction as the aspect
rz
ORIGINAL PAGE IS
4-15	 OF POOR QUALITY
.R
4f
	i	 (i.rebs, et a1., 1976). Further computation may change the calculated
slope and aspect values to classes of arbritery boundaries.
j
Stej^ ;-f3	 Resister the Data Sets
	
t,	 -	 _ _
i.	 Dependi ng on the requi rement-s of -the user, data set registration
may oi- may not the necessar y . If the only requirement is to extract a
table listing land cover types per elevai.ion or slope or aspect
foie a given area, then it is only ne-'essary to interrogate the indivi
F	 dual geoi::oded d,ta sets. If the data sets are to be merged to produce
a t7ap ' of cor,Ll ined land cover/te ►• rain dei~ived classes or land cover
classes uti lizing terrain and spectral channels alike, then accurate
I
registration is necessary. This is accomplished through the selection
_J	
of tie points icient.i fible 	on all data sets to be merged. For our
concerns these tie points are the ground control points used in the
f
'	 rectification process. These are input into a registration algorithm.
ev
Step ''y :	 E>;trat • Pertinent Data
Even with props,°ly rectified and registered data sets, he combined
f
data is iiot: use ful`unti1 it•can be accessed and displayed. To do so,
softy%,are must be utilized to extract, data values at a . desired point,
,..E
line, or polygon area. The User-must specify either the digital coor-
dina%cs of the desired data location_(from a coordinate digitizer) or
geographical coordinates where data is stored in a geographical -based''
infor;tiation system.
g^C
	
k^ 
	 t
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SUMMARY AND RECOM IENDPATIMS
A major step toward assuring improved management of existing
land resources is the development of computer capabilities to
systemize, standardize, store, retrieve, compare, analyze, and model
geographic data in formats acceptable to a broad array of users.
The merging of remote sensing and computers is now sufficiently
advanced to make a geo-image-based system economical and powerful
enough to be useful
	 Development of geobased information 'systems
will be facilitated by the changes in formats mentioned previously,
as well as the- recent advances in computer devices, which allow for
low cost storage of data (memory) and low cost processing (inexpensive
dedicated systems)
Specifically,_ Ventura County is interested in obtaining tabular
.	 i
out puts of terrain information (elevation, slope, - and aspect), per
C1
land corer classification, for a given polygonal area that is to be
assessed. The development of hardwa i re and software combinations and
procedures to meet his typical user agency's predefined information
reguirenents is a principal objective of this project. In a similar
fashion we are dedicated to the interactive education of Ventura
County and GRSU personnel in all phases of our proposed investigation.
l ^
This is being done for 2 basic reasons, 1) to insure that the
resource inventory methodology developed is germane to user needs; and
,
2) to insure that the specific user has the expertise to operate
the system on a stand alone basis once GRSU's work has been completed.
t !;
n 
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PROPOSED SUTURE WORK UNDER THE GRANT
In the coming months we will continue to stress the development,
f	
.	
r P3
_ j expansion, illustration, and editing of the procedural manual for
the accomplishment of a total resource inventory in a predominantly
agricultural environment. We feel that during the current reporting
period we have made a good start and have essentially established a
di
framework upon which we can build a useable document. A major goal
	
^-	 also in the coming .months will be the production, of high duality
	 t
illustrative material to document the step-wise procedure laid out
	 3
in the manual. In this effort we are fortunate to have the close
cooperation of personnel from Ventura County to insure that our
r	 '^
product (procedural manual)+s designed in such a fashion as to be
r
readily useable by user agency personnel.
T
PERSPECTIVE ON POTENTIAL FOLLOW-ON RESEARCH
Current efforts have demonstrated that the development of a
geobased information system is possible in Ventura County. These	 1
i	 efforts have been rev ev,,ed by county, state and federal personnel,
s b	 concluded that a comprehensive surveand ^t ha een c	 y f the resource
data needs and the development of such a system would'be of benefit
to the County agencies involved, as well as state and federal
resource managers (see Appendix 3).
To pursue the use of this technology at local levels {beyond the
'ti' at"	 o the role of remote sensing
	
^	 depth found here... i n his exa r i n ion_ f 	 g
in the conduct of a total resource inventory in a predominantly
4-18	 P
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agricultural environme	 ration of many agenciesrrt) requires the coop ,
as well as sufficient funding and expertise to implement a project
j
which will lead to the establishment of a viable resource information
k,
system.
A cooperative base between several agencies has been established,
as part of this project, and sufficient expertise exists within theh
present staffs of County agencies to create such an information system.
l	
A program which will produce for the County a "state of the art"'
system required to meet the mandates previously discussed, which will
r	 meet current and anticipated needs in the most efficient and economical
manner, will be proposed as a major; project for follow-on t,, ork under
other NASA funding after the termination of the current grant and
t
j	 requires that the following courses be pursued.
Federal and State data needs have led to the funding of
}	 enlightened efforts to solve resource management problems. Funding
of the current 'project ends in May, 1978. In order to take advantage
I
Y
j '	 of state of the art research, it will be necessary to fund additionalt^
user need surveys, data acquisition, system development, and personnel
trai ning
As Ventura 'County already has the start of a comprehensive data
base and an automated mapping system capable of sophisticatrd output
products, as well as personnel capable of implementing a Decision
Oriented Res ourcc Information System, it is felt that funding may be
r t
f	 developed to a large extent through grant monies provided by 'agenci es
4-19
ri
such as National Aeronautics and Space Administration, U.S. Geological
Survey, National Science Foundation, Department of the Interior,
Housing and Urban Development, etc.>
Preliminary work has been completed on a proposal to fund
additional data input and to' support the establishment of an informa-
tion system which will supply decision makers with up-to-date informa-
tion as an a-id in policy decisions, and also provide County staff
with a powerful tool to help in project implementation.
A proposal to the United States Geological Survey has been
written by VCFCD and GRSU to digitize certain baseline (roads, water-
i
sheds, municipal 	 boundaries, etc.) mapped data. 	 It is anticipated
than this data will be merged with the Landsat tapes currently9	 p -
being prepared at UCSB and the supporting digitized data (flood
`zones, flood plain, zone of influence, etc.) being prepared at
VCf CD.
The state of California i s currently engaged in establishing
State 	r. 	 Since many areas of mutuala .. o 	 Env^roniltental 	 Data t,cnte	 t 	 ^^,
interest will be explored by both groups; it i•s recommended that
cooperation and co ►;ununication be formally set up between that center
ofand this County, with the goals of cost savings and efficient use
the data and equipment.
Due to the reco gnition of a multiplicity of potential applica-
tions, a proposal to the Cal
-
ifornia Office of Planning and Research
i s being prepared by,VCFCD in cooperation with the Ventura County
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tEnvironmental Resource Agency, to fund a survey of data needs within
the County st ► ucture. Within this proposal will be an inventory of
current data resources and recommendations pertaining to desired
format. The high degree of similarity in user needs could result in
substantial savings to each participating party.
Total funding is being requested, but if Tess than total funding
z	 is supplied, then the County's share of such a study will be supplied
by monies from the cleneral fund.
}	 In view of the acceleration of technology in the fields of
remote sensing, environmental modeling and computer science, it canr
be reasonably expected that new data and techniques will become
available.
1 In an effort to maintain a "state of the art" information system,Aft
'	 County personnel have recommended that a permanent committee to
n
investigate future advances in the science and technology fields be
appointed. This committee would be broad-based amon g County agencies
and supported by sufficient expertise to properly evaluate such
advances as to their applicability to County data needs.
'	 Preliminary negotiations between UCS6 and Ventura Countyf^
t~egar~di na both limited workshops and more extensive training of
County personnel in the use of these new sources of data and the
transfer Of Supporting technologies are currently under way.
It is 'anticipated that fur' ► ds for this effort will follow a
pattern similar to the other efforts involving this project, but
the educational aspect does allow for funding through a variety ofry
established sources.
4-21
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INTRA-COUNTY SUPPORT
a) Review of project by `derttura County
Environmental Resource i'mency.
b) Approval !.,y Beard of Supervisors to
pursue further project funding.
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County i t Ventura
ENVIRONMENTAL ',L SOUIZCE AGENCY
MEMORANDUM
	
To: Ir. _Lin_ ICoestcr, Director	 pate: Dec. 2, 1977TM
From: IZol.)ert Laughl -.,,,_1?xoject Evaluation Sec tion Reference No.:
St^l^jcct: REVI I to OP 1' . 115LIC : WORhS AGCNCY FROPOSED
IZF(^07 `E S I itI1Z T 'G PIZO(-I)7 N1 (D O R I S)
EVALUATION
	
i	 The proposed Remote Sensing Program has been reviewed by
l the major Divisions within this Agency including APCD,
Environmental Health, Aqricultural Commissioner, Plan
Development and Plan Administration. It is the unanimousjudgment of tl;ese Divisions that this proposed program would
provide a useful information and planning tool fo g- both the
County and this Agency, and, therefore, it should receive' our
support.
POTENTI AL APPLICATION AREA
Each Division has its own unique program area :vheie this infor-
mation system could be applied. These 'areas are briefly'
described for each a .L)plicable program area by Division.
Ag
	 ,	 ` c
rrcult.ut'^._ 1 Caml*u ..stance
I
Program Areas: Crop census and disease detection.T
Apf-,)licabili Ly 	 The current technology in the NASA sensing
sy.:teln alloi:s the coll_ect_ion of informationin units of
appro:,irrately 1.1 acres in size. According to Les IlaworLh,
this Lase unit is too large to alloy application now, how-
ever, as.technology is refined to permit a smaller unit of
data collection, this system can be applied to the above
program areas. NASA has planned satellite ` flights within
a fear
 years 'L-hat- will reduce the size of the data unit to
less than ?a acre.
Air Pollution Control District
Program Areas: None
t	 Appli c ability: The APCD has indicated this program would
not provide any advantages over their existing data col-
lection system. ]lowever, information on air quality and
emissions which is curr. ontly collected by t hn AVIO[? cnuAd
be fed into Llie DORM ,system for use by other Divisionsjand 7\genc i c-s in their 'program areas. Therefore, while
the APCD would not be ,a user, per se, of this system,j t	 they could help expand its usefulness
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Page Two
Flan	 and Plan Adm.ini:-t-raLion Divisions
.I	 -
Program Aroas:
1	 1. Project Review.
2. Environrriental Analysis..
J 3. Development of General Plans.f ^_
Apn-licabi.li tv:
1	 rnviroi-micntal Inventor (i.e., maps, data listings, suniniaries),
'	 etc.). Examples:
k	 1. Existing land use.1	 2. Vacant land (Countywide or within specified sub-areas)..
3. Prime agricultural land.s	
4. Zoning.
5. Pending and probable futute projects.
	
;<w_	 6. Special districts` (e.g. 	 se-wer arid %. , ater service areas)l	 7. Political boundaries.
8. Mineral resources.
1. Flood plains.
10. Slopes.;R
11. Watersheds and sub-watersheds.i 12. Soil groups.
13. Transportation facilit .es.	 IAL -PAGE Is
` 14. Historic and -archaeologic sites:	 ORI
G 	
(jA11TY
,i
	
	 15. Vegetation group-s.	 OIL PODR Q
16. Natural features.
a	 17. Acquifer recharge areas.
l
Pl an and Proiect Review
1. 'Initial studies (i. e. , issue/problem identification for
further study).
i	 2. Impact assessments. y
r }	 3. Alternative site identification.
4. Ccunulative impact analysis (i.e. impacts of pending
projects).
5. Searching and calculfaL-ing distances to or from a specific
location or pheriornenon.
6. Surrounding land use and zoning.
Planning and Analvsis Studies
*	 M	 1. Environmental holding capacity of an area (e.g. , Mctlarg
model).
2. Potential build -out of an area based on existing zoning.	 vF	 3. Agricultural. encroachment models.
4. Land use trends.
k	 5. Land cal ibi.li ty anal ys is .
a. Industrial location model..
b. Identification of areas suitab]o for intensive
residential development', rccr.eational fac.:•.il.ities, Otc.
c. Identification of areas suitablo 'for in g ot ,ive agri-
cultural use or spoci al crops.
d. Identi r icat.i.on of areas suitable fox' openp	 space
'	 gAres ery
 a t1, oI] .
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Memo to Lin Koester
P age Two
Envirorunental 11calth Division
Program Areas:
{j 1.	 Review of private can-site sewage disposal systems for
soil suitability.
2.	 Monitoring public health concerns regarding changes in
surface water quality and solid waste disposal.
i
^ Applicability .
The D: O. R. I ..S.	 system could incorporate existing data on
soil suitability and high groundwater areas.
	 This intor-
` ma,tion could be used for i i_;it+ial studies and review of
proposed can-site sewage disposal systems. 	 D.O.R.I.S.	 could
also be used to monitor indiscziminaLe dumpings of solid,
waste or creation of 'abandoned landfill areas.
cc:	 Victor. Husbands
Jan" Bush
Bill: Anderman
Les Haworth
Dennis Davis
1 -_
i
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COUN CY OF VLN1 UCLA
TED GRANOr l N, District 4p ` , ', r^ ...ta CHAIRMAN
V;'^^' j) f
	
i	 ^T	 (Citnitillo ilci; lw. Las i'osas, Sumis, Muvrhark,
and Simi Valley)	 t
	
^'	 J DAVID D. C4TOfd, fistrict 1
i
	
	 (fast Ventura, MmItalvu, Saticoy, CI Rio,
North Oxn,tid, and Nycl,tnd Acres)
ABSL14T
	 EDWIN A. JONES, District 2Srftl of Vcnhtra Cnur,ts 	 (Camarillo,I howsmid Clok-;, Nc%,hify Pmk,Seal a the Dual  or Super wrs	 C.onclo V.01cy, LIA, Park, and SUUth Crash
NAMITY C. LISI1. Coonh I'tecutive	 d. K. (KEfQ% MAC DO.lALD, District 3(Ojai, Meincis Oaks, O,tk View, rdlmure, Piru,
ROUERT L. HAMM,County Clerk and	 Santa Paula, and West Ventura)
	
}	 prrk of the Iivard oLSupcniWrs	 THOMAS E. LAUBACHER, District 5(Oxnard and Put l l iucncme)
.i,F:ChL
 
NOTICESI
i
1
t
1. Invocation - Reverend Larry Baker, First Southern Baptise Church.
-
i
2. Pledge of Allegiance to Lhe Flag of the United States.
I
,t 3. Mi lutes for the County ^snd Special
	
District;,	 r ovcrtled by the Bon-d
held on Tuesday, Dcceinbc• r 6, 1977.	 Direct pu^tlication cf "S: w,.ry
x1 of i'rocr edit.g s by Clerk of the board	 in	 the	 Santa Paula Chrc.ni.cie. t
APPROVED	 -
PUBI.TC WORKS LC}; ^Cl
Award of Contracts for;
4. Camarillo Airport Building No.	 256 Itenovati.on (Cl' 78-10).
Al PVK 0EI)
'
ffm
5`. Animal. }folding Facility	 Eastern County	 (CP 78-9).
APPI:OVF.0
G.. Contract with RTC Laboratories fo 	 1nspcclicn Services - Camarillo i
iAirport - Buildi.n-; RenovaLion Bldg._ too, 	 256	 (CP 78-10) and Work
Furlough Center RehabilitaLion (CP 78-8), 	 Direct Auditor to
.	 - Fncurrher Funds.
APPROVED
7. Contract with't.he Nation l Oceanic and Atmospheric Admini.straLion
t
(VOAA)
	
for Participation in Southern California Releveling Progrim
^ (6CRN).
APPROVED -1
8. Amendmcnt No. 1	 to Agreement for Fnginecring Planning Services with
1 thu Ventura Pcgiomil County Sanitation Dis,f rict re Seawater Intrusi.on
and Eater QualiLy Sampling.
^. APITOVED
±t '' 9. A£reetnerrt with the City of Oxnard for Services > in Sweeping County
E SLrccLS.
f t APPROVED
€ 10. Coo perotive A,-rocment with the City of Thcunond On 	 for City tr)
Render 10ad t`lainlenance Services, to 	 the Co	 iLy in Unincorporated
Areas Arijaccnt to the Ctty.	 APPROVED
i
t
^
SUt•ll•}AR`i'/i,GCAl. 1wrlCES 	 DECtaf1}ER	 13,	 1 ,977 1 a
I ORIGINAT, 'AGE IS 4-29 ► 	 ^r	 ..
OF POWt	 (jUAL1TY
••I
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SUMMAItY ILEIC AL NOTICES	 - 2 -	 MEMBER 13, '1977
111111,1C	 1)Q1 ?, <S	 Ac 1-t7CY	 CONTI NUrD
11.	 Final 14:,p for Trnec No. 2412-4, Santa Rosa Valley. 	 (ALSO SEE
FLOOD CONTROL DISTRICT IM I)
APPROVED
12.	 RCqucst for AULhoriration to Purchase a Truck Mow te d Generator,
J
Road Dcpartwe nt,-
'
13.	 Draft of Letter to he seta
	
tO Fertel-al L. cLiSlaters RopresentinS
Vr.ntuia County E::pressi.nfConcerns Rel.nt Lve	 to Minority Business
Enterprise Re•qulrcment of the Local Puhlic Works Act of 1977.
APPROVE])	 .
14.	 Acceptance of Subdi,vision Street Improvements - Tract No. 2453-2.
APPROVED
br a t crl.:orks	 Distri cts
t.'	 . 15.	 Waterwor ks Dist riot No.- I - Accepuanc• e of Water Improvements	 in
Tract Iwo. 2104-1.	 (ALSO MOORI"P: COUNTY SANITATION DISTRICT ITEM)
API';;0^; ED
` 1G•	 EaL C• rt•:ar.lcs District i;a:	 S	 - tdater;aarks	 District	 No.	 17	 -	 Bell
Can-an Set,,a c Pumip SLation - Request for Appro^t:iation Transfer.
API'ROVI?D
Mooy rirk Count •,, Sanitatio n District
I 17.	 Acceptancc of Se..!cr Impro:'envnLs in Tract No.	 2406-1.	 (SEE
I-;A1	 .i,,4rCIIKa
	
D1° `I'F,1C7r S	 lTEM	 15)
AP1'ROVEI)
- Flood Control District
I.S.	 .loins letter with Environmental Resource r\Rency Requesting
kithorisaticn to ApPly fcr a State Office of Planning: & Research
Grant to ld ntify and D_vclop ipplicaLions of Data Madc Available i
Through Satellite	 Imagery	 (LAhi)SAT). F
APPROVED
	- _. !
19.	 Cotttr.%ct with	 Toups Corporation for Inspection Services - Silver
St.rond Storm Drain Project (FC 75-7). 	 Direct Auditor to Encumber
Yunds.	
t
APPROVED
20.	 crivironmeiiLal. Negative Declaration - Arroyo Conejo - Unit II.
APPROVED
21.	 Iiiinl Map for Tract No. 	 2412-4 - Acceptance of SLorm Drainage
Easements and Flowage EAsements. 	 (SEE PUBLIC WORKS ITEM 11)
APPROVED
NEALTII- CMN'r AUNCY
22.	 Assig;nnent of Hospital Claims to, Accounts ,Adjustment Lureau for
Collection.	 I.E ,:1ULI:fS 4/5THS VOTE
APPROVE D 13Y 4 / 5'L'I IS VOTE
' 23.	 Phys1.cian Con tr4ctS. ORIGINAL PAGE IsAPPROVED QUALITY
'	 E
OF, POOR
t"9 SUMIdAP,Y/l GCAI	 NOTICES	 - 2.-	 DECEMBER 13, 	 1977
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APPUDIX, 2
j
COUNTY PROJECT ORGANIZATION
POt ICY r!^NTROL TEA.
i The policy control
	
team 4ti 11
	
be comprised or the County Public
x Works Agency and the County Environmental Resource Agency.	 These
two agencies will 	 be responsible for assisting the Board of Super-
vi sors in definin g policies relevant to the project and insuring
.	 { compliance with these policies.
The Public t;orks-Agency,
	
as	 team leader,	 is responsible fora
F1 maintaining fiscal
	 control of project funds.
PROJECT MPECTOr;
The Staf	 Conservation ;s` t,	 Flood Control	 Division of Public
Works will
	
be responsible for organizational 	 and fiscal management.
The Staff Conservationist will ensure that the work completed by the
DORIS program development tear» i s consi stent wi th the policy
direction	 control	 the Board	 Supervisors.of the-policy	 team and	 of
DORIS _PROJECT DJ_VELOP{LENT TEAi1
Thi s teary will	 be responsible for the technical `developmunt of
DORIS'ax	 as such is the heart of the project. 	 A Staff Conservationist
position in the Public Works /Agency will	 be responsible fur this team
and wi 11 be assisted by the Systems Analyst;,for computer technology
support and an Assistant Staff Conservationist for cartography and
remote sensing technolo,	 support.	 The Pro	 rer9	 Jy	 PP	 ram Development Teag
4 4-31
iwill coordinate with the remaining five teams by receiving user need
information and providing technical support in the areas of computer
technology and remote sensing. This team +:i11 be responsible to the
i	 Project Director for fiscal and organizational	 as well as
di rection concerning the Board of Supervisors' policy.
The Project Development Team will receive assistance from UCSB
staff in the form of software development assistance, training in
j the areas of cartography and rermtr_ sensing and hardware support.
EN GWEEi I WG APP',JC JI0!!S TEA11
The responsibilities of the Engi necr'i nq Applications Team are
to evaluate and process }project requests which entail engineering
=G	 applicaCions. The initial evaluation consists of determining the
feasibility of using "Decision Oriented Resource Information System"
application based on system involvement versus output product and the
1 present "state f the art" c a^bi 1 i ti es i n performing e n gineerin g  }	 .. n	 o	 a p	 }	 g
analysis and design.
Processing of the project involves:
1. Classifying the type of application and identification of
the project's objectives.
2. Selection of the input parameters required to develop and
analyze the project.'
3. Coordination with' t:he Project Devolo ptnent Team in inter-
proting and 'integrate ►act Lhe input paranrutars and the
r engineerina appli_cations and analysi s required to produce
#	 the specific: objectives.
4. Review and verification of the output integrity.
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The Engineering Application Team is also responsible -for
coordinating and assisting the Technical Support Team and the Program
r
Development Team in the development of computer programs for
engineering applications and	 Zlr, review of "pacr;agcd" engineering-
. computer program fr°om other sources to assure applicability to
r'
regional	 user needs:
This teamwill	 also monitor user needs and identify engineering
appl ica i:ion s1hortccmi ngs in the "state of the art" of the system.
-Thc Engineering Applications Team will	 consist of a full-time
"on-Senior En s i neer in the Public Works Agency and a staff of	 call"
selected experts 	 in various	 engineering disciplines	 including a
- hydrol ogi ts, geologist,	 hydraulic engineer, traffic engineer, and
maintrnaricc engineer.
The Senior Engineer, as team leader, will	 be responsible for
coordination with the involved engineering disciplines and the
Program Development Team. 	 Responsibilities will
	
include implementation
of the project through DORIS applications, 	 monitoring user needs in
computer software and hard y-pare technical	 training.	 The Senior
Engineer will	 also be responsible to the Project Director for fiscal
management and policy direction.
The successful development and application of this system
depends on cooperative multilevel	 agency interaction,.
f	 r 4-33	 _
CAPITAL f ROJECi	 IAkPPLICATION TEAM •	 t
I.	 CLASSIFY CAPITAL PROJECT APPLICATIONS
1
A. Geological	 Applicationsi B.
	 ' Hydrological
	
Applications
.^ C. Water Mianagement
1.	 Flood Control
2.	 Reclamation/Conservation
3.	 Water Demandi
` 4.	 Water Quality
' D. Shoreline Nlanaaement
E. Agricultural	 Applications	 -
I F. Urban Applications
a
1.	 Comprakensive, Planning
2.	 Ir p act AssesFmcM-s
G. Lnvi -onme-ntal
	
,ssm;inents
11.
	 IDEN; Fi F `i CAPITAL  PROJECT GGJr CTIVIS
A. Monitoring Change
	
-
B. Inventory
C. Sir►relation
D. Impart Determination
E. Location Optii^fization
l F. Cost Analysis
4
G. Displays
M.T.	 INTEGRAL E r	 UT PARAIMETE.RS
A. Int.mrpret and Extract Data Sets
_ 1.	 Remotely Si:r ► scd	 images
a.	 Automated Interprctation
L.	 Manual	 Interpretation
2.'	 Prepare Exodeneous Data	 -
a.	 Maps
b.	 Field Survey
c,	 Statistics
R. ` Transcribe Data to Base Maps
1.	 Polygon Format
2.	 Grid Format
C. Integrate Data (lase Maps
1.
	
Provide Locational	 r onciruence
2.	 Provide Classification Reconciliati on r
' D, Encoding
1.	 Transferral	 of Base Flaps Data onto ,Computer Compatible -- `
Media
2
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5. Searching and calculating distances to or from a speci fic
location or phenomenon
6. Surrounding land use and zoning
C. Planning and Analysis Studies
1.	 Environmental holding capacity of -in area (e.g., i`9cHarg model)
	
`	 2, Potential build-out of an area based on existing zoning
3. Agricultural encroachiiient models
	El	 4. Land use trends
5. Land capability analysis_
	
3	 a.	 I ndus trial location iliodel
b. Identification of areasSui able for intensive residential
developinent, recreational facilities, etc.
	
E	
c. Identification of areas suitable foi intensive agricul-
tUral use of special crops
d. Identification of areas suitable for open space preser-
vation.
q
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OFFICE OF PLANNING AND RESEARCH
ytL)iax/	 1400 TENTH STREET	 1
„^.. SACRAMENTO 95811
t)1.ii1NU G, E3fZO\Vtl Jrt.
(916/322-_3784)
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• 1 December 1977
rs
Robert Foulk, Project Director
Decisaou Oriented Resource
Information System (D.O.R.I.S.)
County of Ventura
597 Last liai i Street
Ventura, California 93009
Dczr Dob:
I've only just: had a chance to review the proposal you circulated in
draft form at tha *iCSL conference, and I wauted to let you know how
!,	 excited I am b y the prospect of what you hope to establish in Ventura
County. Altbough 1 worry that you may be expecting too much of the
Environmental Data Center we are setting up and would be delighted if
we could meet even half of the functions you outlined for our program
in your proposal by the end of the first year, my emphasis throughout
the project will be upon establishing, a range of services that can
benefit city and county governments directly.	
+I'
	
	
1Considering how much you have accomplished already, I have high hopes
that Ventura County and your . prograin will provide us with Lhe= opportunity
to establish a model of how state and local governments can cooperate in
this field. You are already so far ahead of us that I am really looking
forward to running to catch up in the months ahead. 	 J
Sincerely,
11L11iam L. Fahrl
Director of Research
E	 lv'I,f::Vllw
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STATE Of CALIFORNIA — RESOURCES AGENCY	 EDMUND G. BROWN JR„ Govern
DEPARTMENT OF CONSERVATION 
)WISION Of P.1NES AND GEOLOGY
SION Of 011. AND GASH
SACWAENTO, CA 95SIA
1416 NinlF Street
December 5,
	
1977	 (916)	 445-6733
Tyr.	 Robert F'oulk
,._:. Public Works Agency
Flood Control Department
County of Ventura
R	 597	 last 'Main
^` ? Ventura, CA	 93001
Y
Deter Mr. Foul.k:
1	 Thank you for the infort-nation on your proposed cooperativeproject with the USGS and University , of Cal i ^arnia at Santa
Barbara to help develop a geographical based information
system for the county. 	 The integration of such a project
with the capabi.l.ity of your automated mappi ng system, we
believe, has the potential for producing a land data system
with outstanding performance characteristics.
As you know, -vie currently are testing digital processing of
map information and are seriously cone>ideri- J eventually
developing a land data system in cooped ati.oc
'
with other
agencies, to handle date of statewide value. 	 Assuming this
eventuality, we would both benefit from the rapid and rel-a -
tively inexpensive exchange of data your sysL-cm would. permit.
Good luck with your project.-
I
Sincerely,
I,
0.	 C.	 Leaf_`
Land Resource Protection Unit
t	 f ORIGINAL PAGE IS
OF POOR QUALITY
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American Public Works Association
I
CAMR AS
City of Memphis
123 NORTH MAIN m MEMPHIS, TENNESSEE 313103 0 (941) 528-2722
DR. WM. L. BATIIKE
t
Projed Uiro:lor
i	 December 9, 1977
Mx. Robert Foulk, Project Director
DORIS ?rogram
Flood Control Department
ii	 Public Works Agency
f	
I
K97 mast 14ain
Ventura, California 93001
Dear hir. Foulke
'	 Thank you very much for the opportunity to meet iiith you and to discuss
1 ,
	
the DOnIS program.
jSince our meeting I have reviewed the draft document which you offered
l	 to nc describinG the general aspects of the regional information system.if	 It is very clear that your visions of the end product system should
permit, 1) a costsavings to the countygencies involved and 2) an
oppo2: tunity to utilize data that is more up-to-date and relevent to the
decision making process'.
I am particulax7y interested in vour efforts because of the parallelism
with, the APWA CAI^',RAS pr gram (abstract enclosed) 	 The AIWA progr pun does
not incorporate the features of remotely sensed data and yet there is
definitely a requirement for easy manipulation of such data in a regional
system. It would appear that perhaps the end products of both the DORIS
and AFWA programs might very well have a, technical interface that would
ultimately strengthen wid complement each other.
As Project Director of CA1•IRAS I am very much interested in your projected
Plans for getting DORIS off the ground and will assist you in anv manner
available. It is important that your effort be recognized as a_ viable
course to follow -- not necessarily easy but one that should benefit all
of the participants and program supporters. If you or others in your
rro ,r .kn effort would be interested I have some general AFWA-CAY'RAS
1 material that describes more of the program and the anticipated regional.
benefits. You are welcome to it.
I	 ^
k
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Ti.CHNIQUES FOR LAND USE MAPPING FROM REMOTELY SENSED IMAGERY
DEVELOPED FROM WATER DEMAND STUDIES IN SOUTHERN CALIFORNIA
Co-Investigator: Leonard W. Bowden, Riverside Campus
Contributors: Claude W. Johnson, David A. Nichols
5.1 INTRODUCTION
Efforts by the Riverside Campus group have been directed toward user-
oriented documentation of systems and procedures developed under this grant
during the past several years. This documentation is intended for resource
management personnel and as an aid in educating resource management students
in remote sensing and related techniques.
Two separate but related procedures are currently being documented.
First, the procedural manual for land use mapping is undergoing revision in
response to critiques of the draft manual. Secondly, another procedural manual
is being prepared which specifically addresses the computerisation aspects
f land e as well as other s anal t no of data This la-L 6r manual haso	 us	 p	 yp
been used in draft form as a classroom lab manual but is not yet ready to be
distributed for critical review to the general public. 	 It is of note, however,
that the California Department of Water Resources has obtained the draft docu-
mentation and is currently implementing some of the programs on their computer.
This semi-annual report includes a summary of procedural manual evalua-
tions and production cost determination.	 The report also provides an overview
i; of the automated procedures of the Spatial Information Processing System (SIPS).
The complete revision of the procedural manual will be published in the annual
report in May.	 Complete documentation of SIPS is anticipated for the same`^..
date.
,; I
r
1
1
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5.2 PROCEDURAL MANUAL TECHNIQUES FOR MAPP NG LAND USE FROM REMOTELY SEt
IMAGERY
Efforts on. the procedural manual have been directed toward improving
the manual based upon evaluations received from outside reviewers. A complete
draft (reported in the semi-annual report dated December 31, 1976) was submitted
to the grant technical monitor and the land use analysts of the Department \L
of Water Resources, Los Angeles Division, for comment (a brief outline of the
procedure is listed for reference) . 	 One recommendation was to provide some
indication of production costs.	 This has recently been done for a sample map
and is reported below.
5.2.1	 Outline of Land Use Mapping Procedural Manual
The procedural manual for Techniques of Land Use Mapping is divided
into three basic sections or phases of operation; 	 1) Planning	 base; 2) Mapping
^. Phase; and 3) Data Compilation and Presentation Phase.	 The following is an
3
outline of the 13 steps involved in the mapping procedures;
i
PLANNING PHASE
Step 1	 Define Goals and Objectives
a.	 Establish the purpose of the Land Use Map
Y b.	 Establish the Temporal. Base
Step 2	 Establish a Classification System
• Step 3	 Establish Accuracy of Parameters -
Step 4
	
Select Data Source(s)
Step 5	 Select the Scale and Type of Source Imagery -j
Step 6	 Establish a Base Map
^_. MAPPING PHASE
Step "7	 Method of Scale Change, Rectification, and Data Transfer
Step 8	 Conduct a Random Field 'Check of the Completed Work Map
DATA COMPILATION AND PRESENTATION PHASE
••
." Step 9
	
Select a Method of Final Reproduction
Step !10 Prepare -a Clean Copy of the Land Use Map
' Step 11 Convert "Clean" Work Map to Machine Format 1
} a.	 Machine Digitizing
b.	 Procedural Error Editing
c.	 Geometric Editing
Step 12 Produce Statistical Tabulation of Land Use Data
Step 13 Produce Final Land Use'Map(s)
^ IS
IG^AL ..
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J'	 5.2.9 Evaluation of the Procedural Manual
}
The general response to the manual by the two different reviewers was
that it does not contain enough specific details. In defense of the manual
we must point out that our original instructions were to limit the manual to
no more than twenty pages. To provide the detail recommended it would require
double perhaps triple that space. One possible, but not optional solution
to this problem is to orient the procedural manual as a guideline for the estab-
lishment of a land use mapping system and then make liberal use of references
	
A;	 to remote sensing manuals (e.g. Manual of Remote Sensing published by the
American Society of Photogrammetry). Another solution is to treat the subject
matter in as many pages as necessary while guarding against jargon and verbosity.
The other most frequent criticism of the draft was that many of the 	 j
statements were vague and should contain additional examples to provide clarifi-
cation. An attempt will be made to correct any vagueness and each step of
the procedure will be documented with at least one, if not two or three, figures.
The figures will illustrate the procedureor contain examples which illustrate
	
}	
the procedure.
	
2	 -
'	 5.2.3 Production Costs of Representative Computer Map
One of the factors not included in the draft of the procedural manual
was production costs. To provide data to determine production costs a repre
sentat3.ve sample map was produced with each step being carefully monitored
to determine the time required in both days and hours. The sample region selected
	
a	 was the U. S. G. S. 7^ minute quad sheet containing the area around Redlands,
California. The region contains an equal mix of urban and rural areas repre-
senting a map production problem of average difficulty. Consequently, regions
	f	 containing a greater percentage of urban area would have higher production
costs and regions with a greater percentage of rural area would have lower
{
	
	 production costs. The following table provides the production hours and actual
Pil
calendar days required for each production step.
Production Step	 Actual Hours	 Sessions	 Days
r
Image Interpretation	 15	 8	 4
Field Survey Check	 8	 2	 2
	
j1	
Preparation of Clean Copy	 18	 8	 4
Digitizing (Data Conversion) 	 31	 9	 5
Procedural Error Edit 	 8	 4	 2
Data Preparation for Computer	 4	 -	 -
0ob control prep., etc.)
Geometric Error Editing
	
30	 5	 5
K	 114	 36	 23
The above list is for labor costs only. Other production costs (i.e.
^j	 computer time, plotter time, etc.) will be established and included in the
1
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final report.
°	 It is noted that the number of calendar days required exceeds the actual
	
Fi	
hours of labor by roughly twice as many days (8hours). The type of work involved
	
4	 is tedious and it has been determined that 2 hours is the average length of
	
1.	 time for an individual to work on any one of the production steps before the
number of procedural, errors exceeds acceptable limits. The alternative of
course is to have more than one individual participate in the various steps,
	
'	 thus reducing the production schedule for an average map to 15 total calendar
	
t	 days.
The image interpretation was performed by an individual with high exper-
tise and an intimate knowledge of the region. Lesser trained individuals will
require more interpretation time. The digitizing and editing procedures were
accomplished by an individual with limited experience. Hence, trained personnel
would be expected to complete the task tsith fewer errors and less editing time.
The final report will include a detailed analysis of the costs per
number of units mapped, type of map produced, cost per size, as well as other
	
{	 pertinent data.
I
i
I
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5.3 OVERVIEW OF SPATIAL MORMATION PROCESSING SYSTEM
5.3.1 Introduction
ell TUhe Spatial Information Processing, System (SIPS) consists of a suiteI
Ji
of related computer programs which can be used to p^.erform selected resource
information processing and ,graphic output tasks. These prGe^rams have evolved
and are still evolving in response to specific data processing and informational
i
	
	 requirements on a project-by-project basis. Most projects for which SIPS has
been adapted and implemented rely on remote sensing as a primary data input.
1	 The basic goal of SIPS, therefore, has been to utilize information system tech-
f	 nology for processing and enhancing remotely sensed data in resource evaluationIt ,
j programs.
j^	
A major design philosophy of SIPS has been the creation of a map compila-
f	 tion and geographic base file handling facility, flexible enough to facilitate
E
the use of the software as specific applications are defined. An attempt has
been made to provide for a variety of data input, processing options, and informa-
tion outputs. It is felt that the key to flexibility is the careful design'
of data structures and the ability to convert from one data structure to another.
It would be presumptuous for the designer of any geographical informa
tion system to assert that all or even a majority of spatial processing functions
have been provided. In fact, spatial data processing is an ambiguous concept
j	 which is only operationally defined by the activities of practitioners, often
in response to rather narrowly defined application criteria. A rigorous defini-
tion of spatial data processing tasks and the creation of a spatial data processing
q	 language is a goal that is yet to be achieved.
I
	
	 SIPS, provides the user with many useful data processing capabilities
and the flexibility to expand as required. Present capabilities include,.
1) map data encoding; 2) geographic data base creation; 3) graphic output in
the form of computer generated maps; 4) area calculation and aggregation; and
5) data structure conversion. Each of these capabilities is described below:
^.	 1	 Map. Data Encoding
A common map or aerial image can be conceived of as 'a storage device
h.
	
for the geographical data that is present on its surface. The arrangement,
selection and graphical qualities of that data convey spatial information.
Electronically readable data storage media, such as punched cards, magnetic
tape, etc:, can be used to store geographical data as well as printed media.
= In order to electronicall y .store a map there must be some means by which the
informational components of the map can be identified. This involves identifying
F	 the shape, location and juxtaposition of the geometric entities along with the
t !^	 attributes of those entities--referred to here as map encoding.
w
r	 There are two fundamental approaches to map encoding; both of which
4	 rely on a cartesian coordinate system. The first approach is to _consider the
map as consisting of a finite set of small, regularly shaped and regularly
f	 ;
k t ^{
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distributed  areas (termed grid cells, resolution elements, pixels, etc.). 	 Attri-
a
butes are then assigned to each cell. 	 -Points are approximated as single cells,
lines are approximated as linearly contiguous cells, and irregular areas are
approximated as arearly contiguous cells. 	 One distinct advantage to this system
of encoding is that the regular geometry allows positional information to be
implicit in the data stream.	 Therefore, no explicit coordinate information
a need be stored.
	 The Landsat data collection system as well as many other digital
scanner systems encode spatial information in this cellular manner.
	
In the
case of remote sensor encoding systems, the attribute of each resolution element_ y
is a function of the spectral reflectance in a specific wavelength of a cell
on the ground.
j The second approach to map encoding is to consider the map to be an
infinite but spatially bounded set of points (the points become finitely limited
I given the resolution of a recording, device).	 Geographic entities, are then-repre-
sented by points or connected sets of points which define either a line or a ;.
boundary condition..	 Attributes are assigned to points or point groups by asso-
ciation.
	 Since there is no regular predictable geometry, explicit coordinates
must be stored and maintained.	 The advantage of this system is that highly accurate-
positional information for most data configurations is available at little penalty
in data storage resources.
	
This encoding system also requires that the map
geometry exist on a printed graphics medium before data capture can take place.
4
Both systems of map encoding have advantages and disadvantages with
regard to analysis and mapping.
	 SIPS supports both types of data structures
.. and allows the conversion from one _type to another so that the proper encoding 	
-
x3
scheme (data structure) may be used where it is most appropriate in the data
flow.
Geographic Data Base Creation_
{
{ The simple encoding of map data is normally not sufficient for 'certain
further processing functions to take place. -First, the process of map encoding
is highly likely to result in ,errors which may give rise to incorrect map repre-
sentation or cause data inconsistencies for further processing. 	 Secondly, addi-
tional information may need to be generated and merged to produce a data structure
useful for graphical and analytic_ operations.
	 A phase of 'map compilation'-
is required which involves data editing and processing of the original encoded
input data.
	 The output from the map compilation phase is a geographic data
base represented by a data structure which is suitable for.many applications.
SIPS provides for geographic data base creation given either of the two basic
encoding systems and alternative geographic data structures.
Automated Mapping
r
,'naps oracle tia.th the aid of a computer have been in existence fore. approxi-^
mately 20 years,
	 Automated cartography developed along with advances in computer
hardware and software.
	 Once the problems associated with encoding and ;storing
a map were resolved it became apparent that the computer could assist in more
,.
than ';just making maps from spatial data.	 In :fact, the computer could be asked
^	 f Ax
I
,
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questions about the map it stored. Thus the data organization inherent in auto
1	 mated ,cartography logically led to the development of geographic information
systems. The additional requirement of analytic functions, however, led to
the inclusion of additional data in the formal structure.
}
	
	
The power of complex data structures for geographic information systems
must lead to a point of view that the ability to draft maps with the aid of
a computer is a by-product of the overall processing effort. That is not to
say that care and thought should not be given to the mapping process, rather 	 d
.I	 that mapping software should rely on data inputs which are sufficiently general
's	 for the larger overall efforts of geographic information system implementation.'
Reciprocally, any geographic information system should take advantage of the
'	 encoding and data structuring effort to produce maps, where appropriate, with
the aid of a graphics output device. Maps are an important means of communi -
cating the informational inputs and outputs of a spatial data processing system
to the user. SIPS supports automated mapping on either the commonly available
line printer or the generally available x-y plotter. Mapping by the line plotter
for map editing and choroplethic displays is provided. Output on the line printer
is accomplished with programs which are proprietary. Line printer mapping programs
are, however, generally available at very, low acquisition and installation cost.
1	 Area Calculation and Aggregation
Two of the questions most often asked of a geographic information system
`	 are 'where?' and 'how much?'. The question of 'where' is dealt with via the
coordinate system and map outputs. The question of 'how much' implies areal
j	 extent and is answered via _the coordinate definition of spatial extents f rom
which the areas of geographic attributes are measured. SIPS allows the user
to calculate the area of polygons at various stages of processing. One program,
written specifically for area information generation, allows the aggregation
of area by attributes associated with each polygon. That is, for each distinct
attribute code the total area in the map having, that attribute is determined.
Data Structure Conversion
The design of geographic data structures is intimately intertwined with
hardware configurations, software architecture, and output, requirements. Consid- 	 i
erabl-e effort has been oriented toward designing data structures which have the	 1
highest information content-to-storage requirements ratio while satisfying hard-
ware and software performance criteria and analytic requirements. Much of this
effort, however, has not been rigorous but is based on the best judgments of
the system designers. The philosophy behind SIPS is to allow several different
data structures to be used where most appropriate, and to develop algorithms
which allow the conversion from one data structure to another. It is felt this
approach lends a`considerable amount of flexibility in terms of the kinds of
f	 data which can be processed.
t
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5.3.2 System Organization
This section describes the software organization and hardware environ-
ment in which SIPS has been developed and implemented. Essentially SIPS consists
of a library of stand-alone programs which perform specific functions in a batch
processing environment.
5.3.2.1 Software Organization]
T	 PP	 geographic 
	
y here are two basic approaches to 	 information system soft-
ware organization. One approach utilizes the concep t of a subroutine library
from which the user selects the appropriate modules to perform a specific task.
Another approach, employed by SIPS, is to create program packages, with specific
functional tanks and a wide variety of options, which exist in a program library
as stand-alone executable units. The former approach requires the user to select
the appropriate modules for the desired procedure and to assure proper subroutine
linkages. The user is therefore required, in the absence of a high level control
language, to have considerable programming and system control experience.
The latter approach, while incurring slightly more storage overhead, allows
a user to operate the software with no programming experience. Figure 5.1 is
a flow chart which depicts the software organization, data formats, and data	
RF^flow through SIPS.
	 J
SIPS software provides the resource planner with several options of
input and output. Input may take the form of; 1) thematic maps such as soils, 	 -
vegetation, etc.; 2) spatially associated tabular ;data, such as census data';
and 3) remotely sensed data, either in a classified line and sample format or
as areas delineated from conventional aerial photography. Outputs possible
with SIPS are. 1) geographic base files in either cartesian or universal (e.g.
UTM, state plane) coordinates; 2) annotated maps; 3) choroplethic shaded maps;
4) area summaries; and 5) frequency histograms.
A short description of each element of the flow chart (Figure 5.1)
is given 'below.
Tabular and Map Source Data
This input includes prepared thematic maps and spatially associated
tabular data. It is assumed for polygon data that mapping units are closed
polygons which do not overlap and have an associated attribute or` set -of attri-
butes. For raster data it is assumed that the data have been coded in a matrix
j	 form or are derived from existing raster data banks (e.g. DMA digital terrain
data).
Analogue Remotely Sensed Data
This data input form includes all data gathered by remotely sensed means
and used in an analogue (photographic) format.
a
i
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Digital Remotel y Sensed Datag	
}Remotely sensed data in a digital Format, such as that available on
41-1 T	 b i	 tLandsat Coriputer CompaL 	 e	 apes, may	 e	 npu .
' Photographic Interpretation System
Remotely sensed photographic format data which are not digital must
be interpreted according to a specified procedure. 	 See Chapter 5, NASA grant
NGL 05-003-404, Semi-Annual Report, December 1976.
Digital Interpretation System
Remotely sensed digital format data which have not been output to film
and used in analogue format must be processed and interpreted using a resource
oriented image processing system. 	 The image processing system is not a part
Of SIPS.
Classified Image Map
Input to SIPS from the digital 'interpretation,system should be in the
form of a classified image map on magnetic media. 	 The value for each resolution
element represents an information class.	 It is preferable that this image
be generalized by the use of a nominal filter.
Digitizing System
i
Digitizing involves the machine-aided encoding of polygon boundaries
by identifying the x, y coordinates of the boundary lines. 4
° Polygon Organized File
Digitizer output may be organized according to the point list data
structure.	 That is, each polygon is encoded in sequence with all perimeter
i coordinates in sequence.	 Presently, SIPS supports this digitizing procedure
only,
Line Segment Organized File i
Digitizer output may be organized according to individual line segments F
' with pointers to the left and right side polygons for which the line segment
`defines a` boundary. ',	 This type of digitizing is not presently available but
is anticipated.
' Digitizing Procedure Editing Program
The CARDEDIT program is used to detect procedural and formatting errors" i
in the digitizer output records.
r
1
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Line Segment-to-Polygon Conversion
Y
When line segment digitizing, becomes available a utility program wi , i ll
be developed which will perform a conversion from a line segment to a polygon
data structure.
Point List-to-Paint Dictionary File Conversion
The SIPSPREP program converts from a point list to a point dictionary,
file.*
Polygon-to-Grid Cell Conversion Program
The POLYCELL program converts from a polygon data structure to a grid
cell format.
Edge Oriented File
Although the final topologically oriented data structure has not been
finalized it will employ the concept of the winged edge which gives branching
information about line segments and is useful for polygon search and cycling
•:,' as well as many other analytical purposes.
1 Point Dictionary-to-Edge File Conversion Program
# The SIPSVERT program performs the conversion from a polygon oriented
data structure to an edge oriented topological data structure. 	 SIPSVERT has
-
been written but has not been finalized pending the ultimate design of the
winged edge data structure.
1.
Y Point Dictionary File
The SIPS Dictionary file is the primary polygon data structure used
by SIPS.	 It is based on a sequential list of pointers to polygon coordinate
j' values for each polygon.*
Grid Cell File
The standard SIPS format for input and output of grid cell structured
data is the GRIDCELL file. 	 It basically consists of a record for each lime
of data with the value in the record as the z coordinate and the position within
the record as the sample coordinate.,,
ra Grid Cell-to-Polygon Conversion Program
The POLYGRIP program converts from a gridcell file to a SIPS, Dictionaryfile.
^	 A *For an explanation of this data structure terminology, see Peucker and Chrisman,
"Cartographic Data Structures" 	 The American Cartographer, Vol. 2, No. 1, April 1975.
t	 .j
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1.	 Choroplethic Mapping From Line Segments Program
This anticipated program will produce choroplethic maps*from a winged
	
f	 edge file. This will allow for dropping boundary lines between polygons which
have the same mapping classification.
i
Polygon Overlay Program
The polygon overlay program, when written, will allow the boolean combi-
i	 nation of two polygon data sets,
	
j	 Choroplethic Mapping From Polygons Program
The CHORMAPP program produces area aggregation by pre-set classification-
levels, histogram output, and choroplethic maps in either shaded or annotated
form.
i
	
j	 Area Calculation and Summary Program
The SIPSAREA program produces ,a listing of total area for each unique
polygon attribute in several selectable reporting units.
Line Printer Mapping Program
The GRID program is used to display grid cell formatted data on the
line printer. This program is not a part of the SIPS system because it is
proprietary.
Grid Cell Overlay Program
y
The grid cell overlay program is a user written program for combining
two or more grid cell structured data sets. These programs are easily written
with a minimal amount of programming expertise.:
...5322 Hardware Configuration'
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This section describes the computer hardware systems around which SIPS
has been developed. There are three distinct processing systems used by SIPS;`
1) the general-purpose processing system; 2) the digitizing system (cartographic
data input);;-and 3) the plotting system (cartographic data output),. The general
purpose processing system is the campus computing facility at U. C. Riverside.
The other two systems are operated and maintained by the Department of Earth 	 J,
•, i	 Sciences at U. C. Riverside.
General Purpose Processing System
'
	
	 This computing system consists of an IBM 360-50, supporting batch;process-
ing only, with the following specifications:
*'The teritt "choroplethic" ;pertains to the systematic description and analysis of-
regions.
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'	 - 1,1VT-OS operating system
	
.^	 - S series 2314 disk drives
- 3, 300 BPI, 9 track tape drives; 1, 556 BPI, 7 track tape drive
1 megabyte of memory
- other standard peripheral devices(
tt
	
1	 Digitizing System
 E 	 The digitizing system is schematically represented in Figure 5.2.
	
'	
Output is normally to the keypunch as on-line editing capability via the
	
,j	 NOVA 1200 is presently limited.
Plotting System
Although the campus computing facility supports a CALCOMP drum plotter,
the plotting system used by SIPS consists of a 42 x 72, inch four pen flat-bed
plotter._ This plotter is not an incremental type but a vector type. Plot com--
,
	
.^	 mands afire executed based upon an angle and distance input (polar coordinates).
The maximum number of angles that can be differentiated is 2 19 Maximum speed
is 10 inches per second. Plotting resolution is .001 inch. Plot tapes are
normally written at the campus computing facility and read off-line by the plotter
system tape drive.- A NOVA 1200. 	 with 20K bytes of memory serves as the plotter
	
.^	
u
controller. Figure 5.3 is a schematic representation of the plotter system.
i
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H.D. Foster	 H.D. Foster	 I.B.M.
RSS - 4CT	 RSS 400	 029
Coordinate	 /	 Quantizer	 1	 Keypunch
Table
H.D. Foster	 `^	 Data General	 ^.f
RSS - 4RK	 NOVA 1200
	
Remote	 Mini-Computer	 .:
I`	 Keyboard
Figure 5.2
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TRANSFERRING REMOTE SENSING TECHNOLOGY TO
r RESOURCE MANAGEMENT AGENCIES IN CALIFORNIA
6.1	 Introduction
k (',
I
Now in its penultimate phase, the University of California Integrated
Remote Sens._ng Project is in the process of preparing a retrospective sur-
vey.	 During the seven years of experience, the research has contributed-
>:('' substantially to the state-of-the-art `and, incidentally, has produced many
'T of the experts who have played key roles in vital aspects of the technology
transfer process.
	 Some occupy important positions related directly to
. } t remote sensing, others are members of user organizations, resource agencies,
and industries. 	 With the objective of encapsulating the results of the
r.
seven years' work so that they may be communicated readily and, hence,
serve as guidelines to forthcoming applications, the various groups in
'. the California Integrated Project are developing a set of manuals.
	
The
focus of much of the research was on California water, but the findings
are derived from and are relevant to natural resource management broadly
defined.	 Although the Project was one primarily of research and demonstra-
tion, rather than one that could be characterized as "user-driven", its
user orientation is clear.
	 As is to be expected, the technical specialists
will focus on the aspects relating to the hardware and software, how to
obtain and/or use the technology, how to interpret the imagery and apply
i the data it yields.	 In like fashion, the Social.: Sciences Group, which
} over the years has been concerned with the how and why of remote sensing
in the context of ,resource management,, is in the process of producing a
companion document setting forth the social, political, and economic di-,
mensions of this valuable real-life exercise in technology transfer.
In most cases where a new technology, or modification of an existing
one, has been under scrutiny, focus has been on the what, rather than the
how and why.	 This preoccupation with the purely technical aspects is
'.{ probably based on the erroneous assumption that these are the most diffi-
cult and perhaps the most important part of the technology transfer process.
F, The expectation is that once they are adequately developed, the rest is
"i easy.	 In other words, acceptance and utilization will follow almost
,f automatically.	 This view is so widespread -that Dr. Frank Press, the
President's Science Adviser, has criticized "technological optimists" in
I a series of speeches. l
	Warning against "simplistic solutions", he has
pointed out the need to take into account the social environmr_xt, polit-
k ical ramifications, and economic consequences.	 In his view, there are
no .ultimate or singular technological fixes.
	 Dr. Robert Frosch, similarly,
s	 ;,
1
r^
. I As reported in Science, December 9, 1977, p. 1022.
I
`
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in his keynote address before the AIAA-NASA Conference on Technology Trans- s
fer on November 9, 1977,2 cautioned against over-simplification. 	 Called
for, in his judgment, was an appreciation of the complexities, understand-
ing of which required more than the mere methodological Merlinism of model-
makers
Technological application, assessment,, and transfer 	 all three con-
cepts more related than might appear superficially,must be observed through
Dr. Frosch's lens.	 They are highly dependent on the social, political,
and economic milieu; they bring home the harsh realization that costs,
benefits, and risks are not distributed equally through a society nor do
they occur within a given time frame.	 They remind us that we are dealing F
in Faustian bargains. 	 They show up more deficiencies than strengths in
ourconventional kit of methodological tools for decision-making. 	 More-
over, technology application, assessment, and transfer present an interest-
<< ing paradox in that they are reflective of policy and, at the same time,
instruments of policy-making.
Cognizant of the importance of the interface between remote sensing
technology and the society it is intended to serve, Professor Robert N.
Colwell, Principal Investigator of the University of California Integrated
Project, included and continued to support research into the social aspects
. of remote sensing.	 Even when NASA technical consultants displayed lack of
understanding and sometimes uneasiness about research that did not yield
charts and numbers, Dr. Colwell remained steadfast in the view that the
technical aspects of the transfer process of remote-sensing technology
had social correlates and that to neglect them would deprive the Project
of real-life dimensions and, hence, empirical test.
This is the philosophy which underlay 	 the establishment and develop-
ment of the Social Sciences Group.	 The current semi-annual Progress Re-
port trill serve as a review and recapitulation of the past.	 In present-
ing the groundwork for the forthcoming manual, it will link past with
future and '_serve -as a springboard as we concern ourselves with the trans-
fer of remote-sensing technology to more and wider areas. 	 Consistent
with its long-time commitment to facilitate and implement utilization of
its myriad contributions, NASA is pursuing _a vigorous course in this
direction.	 It is hoped that an in depth analysis derived from the "living
laboratory" that was the California experience will provide helpful 'guide-
lines for ongoing' and future projects:
The manual will be divided into four main sections: (1) the technology
itself; (2) the "user "community" ; (3) the factors implementing and imped•-
ing dissemination, adoption, and application of remote-sensing informa-
tion; and (4) the methodology of evaluation and assessment.
2 "Aerospace Technology Transfer to the Public Sector", American Institute
of .Aeronautics and Astronautics and the National Aeronautics andSpace
^.	 t I
Administration Conference, Washington, D.C., November 9,; 10, 11, 1977.
t
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6.2 The Technolo
The first section deals with remote-sensing technology both as an
entity nd in its various manifestations. The need for disc re ation_y	 gg g	 ^
becomes apparent the moment one moves from the generalized "space spec
}	 ta.cular" mode to specific real-life applications. Here the perceptions
he user community", actual and potential, becomeof "the publ c" nd "t 
determinants.* Distinctions must be made between the technology •per se
and its fruits, i.e., the data therefrom.	 This differentiation may
seem obvious but it isone that is frequently overlooked by two -contra-
dictory categories: technical experts familiar.with remote sensing and
the lay public 'so totally unfamiliar that it sees either pretty pictures
or colored blobs as meaningless as the inkblots on a Rohrschach Test.
In other words, technical people know too much and the rest of us knowF	
too little.
Taken in its broader aspects, a remote-sensing system such as Land-
sat represents the coordination of orbiting satellites equipped with sen-
sors, the hardware andsoftware of transmitting imagery to earth, and
receiving,, processing, disseminating, and interpreting it. The origin and
development of satellite technology are germane since they are an intrin-
sic part of the matrix of acceptance variables. Their history a_linkage
between military surveillance and space exploration, satellites carry a'
heritage that influences perceptions and may prejudice assessment and
acceptance as well. Ancestry in the military encumbers the technology
with the spy-in-the-sky taint; space parentage ascribes a pie--in-the-sky
label, especially when vague promises of prowess are served up as proof
of performance. While NASA enjoys public respect for having been a.ful-
crum of scientific and technological achievement, it also bears several
stigmata: first, for being the favorite whipping boy of demagogues, short-
sighted and over-zealous in their application of cost-benefit calculations
to public spending** and second, for symbolizing "high", and, therefore,
esoteric technology. This web of fact and fancy complicates the transfer
process, which is further hampered by the ultimate necessity to justify
the world-orbiting satellite system by its end-product, i.e., data. Re-
mote sensing being in essence an information-gathering tool, the conven-
tional paradigm calls for assessment and evaluation of that product.
But here we encounter 'a basic problem: how to assess the value of data.
i
Despite the highly theoretical contributions of Marschak3 and the earnest
The quotation marks used in - this<sentence signify that'thcst. words re-
quire and will receive further clarification. Our intent, :Car from
pedantic hair-splitting, is to substitute functional definition for
these otherwise stereotyped and amorphous terms.-
Insidious and inappropriate comparisons are made, in their rhetoric,
between outer space and the inner city.
!	 3 Jacob Marschak, "The Economics of Inquiring, Communicating, Deciding
I
American EconomicReview, Volume 58, No. 2, May 1968, pp. 1
NIL
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modeling exercise by Ha.yami and Peterson4 , to mention the more frequently
cited references, we really do not know how to evaluate information, to say'
nothing of providing sensible answers to questions such as: what should be
paid for it; who should pay, and the like. The final section of this re -
port, dealing with methodology, will discuss in detail the techniques,
their appropriateness and adequacy, now generally employed. Essentially,
the crux of the matter lies in how the data are used.'
The evaluation of various types of information in their	 a
own terms as contributions to knowledge of value in
themselves invites -... difficulty. One cannot judge
where information is appropriate, or necessary, or
sufficient, or excessive, except in terms of the uses	 fi
^	 to which it will be put.5
What ultimately counts is how the data are used -- how, whether, and
to what purpose.- Do they make a difference? In other words, remote-
sensing technology is subject to evaluation not on its capacity to produce
certain end-products but on the way those products are perceived, received,
and utilized. This is a precarious position; ^Iiuch like judging a sewing
machine by the articles which the particular operator does or can turn out!
r	 It is also an anomalous situation that the critical tests of the technology
J
	
	
may actually lie in a future, time frame and certainly outside the technical
sphere. The ultimate tests lie less in the state-of-the-art than in the
state of other arts (and here we especiallyinclude that of resource manage-
ment) .
To recapitulate, the fruit& of the technology is data, but, as we
indicated above, data in the abstract eludes sensible evaluation. What
counts, then, is whether and how well the data are used; do they improve
the decision-making; process? These are basic questions, definitive an-
savers to which become even more difficult when one considers the areas
selected as "prime targets" for the application of remote sensing. The
following list embraces most of these:
FIE
i
4 Yujiro Hayami and Willis Peterson; "Social Returns to Public Informa-
tion Services:, Statistical Reporting of U.S. Farm Commodities", Ameri-
can Economic Review, Volume 62, No. 1, March 1972, pp. 119-130.
r	 5 George Zissis, Klaus Heiss, and Robert Summers, Design of a Study to
t Evaluate Benefits and Costs from the First Earth Resources Technology
(ERTS-A), Report No. 11215-1-F, Ann Arbor, Willow Run Laboratories,
E	 July 1972.
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major applications Of Remote Sensing for
'i	 Earth Resources
I
F	 agriculture, forestry, range, recreation, and wildlife
y-{	 soil conservation and classification
food production, forecast, storage, and disposal
irrigation management
i	 pest and disease prevention and control
p
	
	
forest protection, logging, and control
range inventory and improvement
national park management
wildlife control and endangered species protection
land use
land use and natural resource inventory
land evaluation
land use assignment
development of regional land use plan
project design and implementation
planning for roads, utilities, and services
minerals, fuel, and geology
mineral and fuel inventory, exploration, forecast,
and pricing
disaster and emergency action assessment and prediction
(earthquakes, volcanoes, and landslides)
off-shore exploration strategy and action
water and marine resources
water resources inventory and management (household
'	 agriculture, and industrial activities)
river basin management and development
irrigation and power production, forecasts and scheduling
flood forecasting and damage assessment
ocean, lake, coastal zone, and harbor management
estuarine management
i	 marine .resources (e.g.,' fish) production, forecast,
*	 and control
1
6 George J. Zissis and Robert B. DiGiovanui, Remote--Sensing: A Partial Tech--
,'	 tiology Assessment - A User's 12epart, Ann At-laer, rnva.ranmental. Research'
s	 Institute of Michigan, 1977, p. 13.;
I^
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{Even though analytic description of "the user community" is relegated to
another section of this report, we should note in this context that the
above list points to a certain broad arena of utilization, viz., the manage-
ment of natural resources.	 While there is no gainsaying the importance
of timely and comprehensive data, this contention turns out to be more a
matter of intuition and an article of faith, than a demonstrable and de-
fensible fact.	 Public resource management, by its very nature,-is a com-
plex composite of economics, law, history, culture, politics, power plays,
sociology, policy, short-term expediency	 and long-term husbandry. 	 In-
fluenced by all of these desiderata but resisting regularized control by
c any one of them, public resource management is much more subject to the
{ vagaries and vicissitudes of the social climate than to the rules of
management science. 	 As a consequence, many of the very items selected
as exemplars of the "benefits" that could be realized were remote-sensing
data to be used turn out to be the scene of constant controversy, where
it is altogether and unfortunately likely, that more or better data would
make little difference or at best have little visibility in the final
decisions.	 TI- focus of the manual is on California water, but an ongoing
battle in Maiix^ over the proposed Dickey-Lincoln hydroelectric project
illustrates the point.
The $690;-million project, which would include two dams, was origin-
ally supported by one of Maine's senators for its pork-barrel propensities
{ and later for its energy-generating potential. 	 But then came the classi-
cal confrontation between economy and ecology, the environmental cost of
forfeiting some 30 lakes and 278 miles of streams and rivers being too
high.	 Ranged on the opposing side was Maine's powerful timber industry
concerned because 76,173 acres of prime timberland would be sacrificed.
Maine's AFL-CIO wanted the project to go forward.	 Environmentalists claimed fid
that the Furbish lousewort 	 an endangered plant, would be wiped out.
(This fear was allayed and the issue faded when the plant was found to
be flourishing elsewhere in Maine.) 	 President Carter, in his attack on
i federally-funded 'water projects, cancelled Dickey-Lincoln as an economy
measure; reinstatement occurred only after concerted lobbying by Maine's
two senators.	 Since Dickey-Lincoln is designed to generate not crucial
base-load,-but rather peak-hour electricity, it is seen by some observers
as being uneconomic, especially since more than half the 1.4 kilowatt-
°'	 I hours'-produced would be sent out of Maine to other parts of the Northeast,
Not to be overlooked in the maelstrom of forces affecting the decision
is the need to displace and relocate 161 families who make their home in
Allagash, at the damsite.
According to the conventional paradigm, lack of information is as-
sumed to be one of the major factors limiting "scientific" "rational"
decision-making. 	 Conversely, better information would result in improved
decisions.	 In the case of remote sensing, there is the further assumption
that the data are available and relevant.	 The Maine Story contains many'
r	 ,
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of the elements usually present in natural resource management. The con-
flict and clash of interests, opposing views, jurisdictional disputes,
political overtones, social and economic implications 	 all enter into
such decisions. The Dickey-Lincoln dam situation illustrates how very
tenuous is the snexus between better data and better decisions. For this
reason, along with others to be discussed in the methodology section,
reliance on data usage as evidence of the contribution of remote-sensing
technology is quixotic and could be counter-productive.
6.3 The "User Community"
Locating a-community of "users" is a fundamental challenge for those
	
r;! ^	 who are familiar with the technical side of remote sensing.. Although
firmly eniIbedded in the lexicon of the "technical community", the term may
suggest to outsiders some sort of illicit addiction. Instead, "user" is
just another example of technologists' shorthand that conveys a false
sense of precision. It is an elastic catchall that is stretched to include
both real and ideal technology-using possibilities. Closer inspection may
	
a	 reveal a "user agency" to be actually a potential user, or to contain only
a solitary model manipulator or part-time student whose duties might be
construed as putting the technology to use. The word has additional ambi-
guity-when mixed with the vocabulary of governmental agencies who consider
themselves to be working for a clientele of users, or when it refers to
technical community members who "use" remote sensing data in their research
projects.
Recognition that the "user" rubric is a single concept representing
a continuum of realities helps explain some of the apparent gaps between
F. the words and deeds involving remote sensing applications. In the water
resources area most organizations considered part of aremote sensing^
user community more appropriately could be described as potential users".
	
i	 Yet even this term has its gradations, as Integrated Project participants
have seen. Several years' involvement in research projects can change
remarkably the disposition of a potential user agency toward a new tech-
nology. How far along the agency comes in actually using the technology
depends on a huge number of factors --political, economic, behavioral,
and others.
	
,y	 Profile of Users and Uses
Sales of Landsat data from the EROS Data Center in Sioux Falls give
clues to the composition of the remote sensing user community. A profile
of orders for 19767 showed the largest dollar volume of data products were
7 Joan Davenport, Assistant Secretary for Energy and Minerals, Department
of the Interior, statement before the Subcommittee on Science, Technology,
and Space, Committee on Commerce, Science and Transportation, U.S. Senate,
	
i	 Hearings on S. 657, May 24, 1977, p.-67.
t
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purchased by private industry and federal agencies (22% and 21%, re,
spectively).	 Orders from non-U.S. customers and NASA principal inves-
tigators were the next largest categories (17% and 16%, respectively),
k with the remaining orders coming from individuals, academia, and state
and local government.	 One can argue about whether EROS data sales pro-
wide an appropriate user index or whether the EROS categories fairly
represent the user population, 	 Nevertheless, it is possible to sketch
portions of-a user profile that approximates reality.
	
Industrial users,
particularly those in the business of extracting petroleum and minerals,
j are probably making the greatest "use" of remote sensing data products
today.,	 Satellite-derived information is viewed as a new "prospecting"
tool, especially valuable in upgrading surface geological maps.
	 Users
interested in the data for applied research purposes comprise another
large class.
	
LACIE8
 is by far the largest of a group of many projects
r that are geared toward a sort of "usage" that is tentative and experi-
mental.	 Some "users" are mainly collectors.
	 Agencies and foreign gov-
ernments sometimes maintain standing orders for imagery even if they
have no immediate use for it, while individuals, urged on by magazine
advertisements, may simply wish to see satellite photos oftheir home 0town.
Uses of remote sensing information, like the users themselves, can
be placed along a continuum ranging from simpleto complex. 	 One pre-
Landsat hierarchy of uses is still applicable today, 9	 It characterizes
progress toward applications objectives in six stages of activity:
ideiatify, map, monitor, model, predict, and manage.	 Within this frame-
work, the mappingactivities of users in extractive industries constitute
intense development of relatively simple applications. 	 The intensity of
this use will likely decline once most important geologic areas are well-
mapped.
	
Applications to dynamic resource phenomena like crop production
' are examples of relatively complex uses that still require a_lot of de-
velopment work.	 Monitoring functions, in general, represent _a level ofk
use several magnitudes more complicated than basic identification and
mapping activities.
^ This distinction between types of uses helps explain the reluctance
of resource managers to commit themselves prematurely to a still specula-
tive	 source of information.	 Complex applications need extended develop-
ment time, and users have little assurance that existing federal earth
tiresources programs will continue much beyond the technology demonstration
g Large Area Crop Inventory Experiment (LACIE)' is a multi-year joint,
.^
project between NASA, the U.S. Department of Agriculture, and the
National Oceanic and Atmospheric Adminstration that aims to test the
a effectiveness of Landsat in delivering information useful for pre-
dicting global crop production.
/ 9 Zissis, Heiss, and Summers, op. cit., p. 37.
I ,3
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phase. Implementation of new procedures also requires the aid of spec-
ialized equipment and trained personnel. Furthermore, many adjustments
must be made before satellite-derived information can blend with the de-
cision processes of most natural resource managers. The interest of dif-
ferent types of data users complicates the adjustment process. Generally,
scientists involved in research are inclined to want relatively unmolested
data so they can draw their own conclusions about discrepancies. Resource
managers, in contrast, prefer to have their data reduced to bear directly
on decisions confronting them.
	 Extraneous information only confuses their
tasks.
r
State and Local Users
g: Reconciliation of differing applications objectives and information
requirements becomes easier with experience.	 Of the user groups capable
of providing broad ranges of experience, few can offer a greater, variety
of resource management functions and approaches than state and local
governments.	 Yet to justify the expense of technology demonstrations
solely on the breadth of experience to be gained is rather tenuous.
Development of state and local user interest in remote sensing applica-
tions is important for two other reasons as well: (1) cooperation of
non-federal governmental units is indispensable in many national resource
planning efforts, and (2) state and local agencies provide a vital forum
of linkage between resource policy questions and public response..
The first point should be apparent to anyone who follows intergovern-
mental relations and resource issues in this country;.
	
Many state and
local agencies harbor suspicions about each other, but they usually dis-
trust federal government agencies even more.
	 State and local agencies
are especially sensitive to federal incursions into what they consider
to be their discretionary domain over natural resources.
	
Prolonged juris-
dictional battles and court cases can follow_seemingly minor changes in
policy or regulations.
	
Federal plans concerning energy, water, timber,
agriculture or other resources can become emasculatedwithout the support
of other governmental levels.
	
Remote sensing, often viewed as a means for
`integrating diverse bases of resource information, is subject to similar
pressures.	 If centralized only within the planning apparatus of large
federal agencies and industrial organizations, the technology will fail
to achieve its potential as a useful,tool.
The second point buttresses the first: public resource planning should
involve the public and this is best accomplished through lower levels of
government.	 Mistrust between governmental units is insignificant when
compared with public mistrust of all levels of government.	 In many circles,
governmental planning of any sort is viewedas outright "socialism".	 Also,
people correctly perceive that ,most ,government efforts to include the pub-
lic in their planning processes are a sham. 	 The question; asked most often
by the citizens that attend such meetings usually is: "What are your plans
going to do to me?"	 If remote sensing is to overcome its association in
i
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}the public mind with "spy satellites" and expensive space "spectaculars",
then it needs to be integrated with resource planning processes at the
grass roots level of state and local government.
f
Accomplishing this degree of integration, if our experience is a guide,
requires a full-time effort that extends over many years.	 The point has
not been lost on California stage officials who are familiar with the ex-
periences of various state agencies in applying remotely-sensed information.
William L. Kahrl, of the Governor's Office of Planning and Research, des-
cribed at a recent workshop for state legislators some of the realities
involved in transferring Landsat technology to California agenciesl0;
j The problem of achieving ongoing applications of
Landsa.t technology involves not theadoption of a
-system but the conversion of our existing systems.
For this purpose, it is probably not'sufficient
that the technology is economical; it must be in-
expensive enough to justify trashing another system.
It is not sufficient that the technology be useful,
' it must be uniquely so. 	 It is not sufficient that
the technology is simply efficient, it must be bet-
ter than what we are doing already.
California's water resource, as emphasized early in the Integrated
Project, provides an excellent vantage from which to scrutinize remote
sensing applications.
	
"Water," Leonardo da Vinci once observed, "is the
driver of nature."	 In California especially, it is also a driver of human.
affairs.	 The importance of water in natural resources and social processes
' helps extend the validity of lessons learned while applying remote sensing
techniques to water supply and demand problems.	 Although the water re-
sources applications dealt with in the Integrated Project are but a tip of
-a much larger R & A iceberg, ll we feel many of the resulting insights can
10 William L. Kahrl, Director of Research, Governor's Office of Planning
and Research, State of California, "Overview of California's Approach
to a Statewide Remote Sensing Program," address delivered to the National
Conference of State Legislatures Remote Sensing Workshop, Cal-Neva Lodge,
Lake Tahoe,	 November 8, 1977.
f 11 See, for example, American Water Resources Association, Remote Sensing
and Water Resources Management, Urbana, Illinois, June 	 1973; and Albert
Rango, "Applications of Remote Sensing, to Watershed Management", Goddard
Space Flight Center document X-913-75-86, Greenbelt, Maryland, June 	 1975.`
a Experimental applications and demonstrations of earth resources satellite
capabilities include among others work in snow mapping, flood assessment
and floodplain mapping surface water inventories, hydrologic land use
analysis, physiographic characterization, watershed modeling, and deter-
mination of soil moisture.
s
t
M
V
	
6-1Q	
-
jj
	 1
f
s^
be of use in future projects designed around user needs. In the Tema ader
of this section, we examine those insights that deal with agency informa
tion requirements.
Information Requirements
The sort of information required by water managers ,(or by any other
resource mangement activity, for that matter),follows directly from tk,e
a `
	
	
kinds of problems and alternative solutions perceived and from the various
risks, uncertainties, and constraints present. And increasingly the sorts
of problems water managers must face are tangled with issues concerning
energy consumption, food and fiber production, land use and transportation
policy, environmental protection, and social justice. The decision choices
*.	 of water managers, in other words, affect a wide range of people and groups
+ j
	
	 with interests that transcend basic water development and operation issues.
Such groups understandably place differing values on the consequences of
a	 >°
alternative decisions. Since: different groups of advocates have varying
access to the decision-makers and their information concerning consequences,
water managers find themselves pressured to develop and test planning sys=-
tams using information that is more comprehensive, publicly visible, and
:-{ value-neutral".
E'
	
	
Broader objectives and multidisciplinary planning requirements thus
provide many of the stimuli to investigate new techniques for handling
water planning information. The availability of large-scale data hand-.{
ling capabilities is another stimulus. Computer models that simulate
physical, economic, and environmental conditions can be found, within
most of the larger water management agencies, although agreement on their
utility is harder to find. A typical situation might reveal a coterie of
modeling enthusiasts at one end of the organization, experimenting con-
tinually with variations on a modeling scheme, and ranks of justifiably
sceptical veterans at the organization's other end, who place their faith
in tried-and-true "guesstimation" procedures. Meanwhile, the agency relies
on a variety of basic information jus; to get through year-to-year opera-
tions: meteorological and hydrological data concerning snowpack, runoff
volume, and stream flow variability; geologic and vegetative characteris-
tics of watersheds; water use and water quality data for irrigated agri -
culture, recreation, and other uses; - soil moisture and ground water var-
mm
iations; and flood potential and damage extent should flooding occur.
t remote	 n community look at the information,.Zealous members of he re o sensingg c mm _i y	 a rmati
requirements of Boater management organizations and see their satellite data
blending harmoniously with terrestrial water models.: Such optimism over-
looks several facts of life within the agencies that use-such models, name-
ly that:
l
l
p
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t(1)	 Watershed models capable of using satellite information are
in very preliminary stages,
(2)	 Implementation of any major water model takes many years,
t	 (3)	 It is often difficult to get the right people interested in
new data manipulation methods,
(4)	 Few agency personnel are likely to be familiar with remote
sensing techniques,
(5)	 Most remote sensing digital equipment is expensive by agency
standards,
(6)	 Operating costs for analyzing large areas are also relatively
high.
Much of thework performed under Integrated Project auspices illus-
trates that there are ways to surmount these problems. 	 Small-scale re-
search demonstrations are often able to penetrate organizational inter-
stices that would impede larger projects.- More importantly, continuing
involvement `over a period of years nurtures a deeper understanding of_
the problems and possibilities in transferring new methodologies. 	 In
terms of information requirements, our lessons are derived from three
'	 applications examples: snow survey work of the California Department of
:	 Water Resources (DWR), the Kern County Water Agency's water demand mod-
eling effort, and general management concerns about drought conditions:
'	 Snow survey.
	
One of the greatest dilemnas facing a manager of
snow survey operations is deciding which` technological baskets
j	 should carry his scarce supply of eggs.	 DWR's Snow Survey Branch
employs a well-established watershed indexing system, based on
samples from snow courses and aerial markers, but it also is ex-
perimenting with modeling systems which use satellite photos and
r	 computers.
	 The objective of the program is to provide water sys-
tem-operators with timely runoff information_ that will allow them to
assess their risks better. 	 Yet even with the best possible infor-
mation, uncertainty about future weather accounts for the greatest
source of error in forecasting the snowpack's "rate of ripening".
In commenting upon Integrated Project work on snow water content
measurement, snow survey experts acknowledged that the statistics
.	 developed often told more about the . hydrology involved than the
i'	 forecasts.
	
Multidate analyses of watershed characteristics will
reveal areas of variability within snow water content strata, thus
making it possible to allocate more judiciously snow .courses. 	 Crourid
substantiation is likely to remain one of the more costly elements
(	 of snow survey work, regardless of whether indexing or continuous
modeling methods are employed.
` ° Water demand modeling.	 Managers of large farmingoperations often
would like to know What alternatives could be achieved given greater
water demand prediction abilities.	 Their decision problem in terms
t	
of remote sensing could be stated thusly:, What would more accurate, i
I
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more timely, and lass costly information on water usage allow
s them to achieve?	 Should they in,;^ect, spread, or sell th,:; water?
fi r Should more land be brought into production? If so, in what crop,,?
The Geography Remote Sensing Unit's work on salinity and perched
water in Kern County12 has shown also that farmers often lack in-
?it
formation on the real extent of such problems, and would like to
know where to bore wells and locate canals.
` Drought. The severity of California's recent drought 13 revealed
both water managers and farmers to be among the worlds biggest
gamblers.	 With the state's massive water system nearly depleted,
' many farmers had to drill deeper into rapidly declining water
tables.	 Drought-weary water managers and farmers are obviously
more interested in replenished water supplies than in satellite
data.	 Yet when asked directly about the information requirements,
those in the business of maintaining state irrigated agriculture
are fairly specific: they would like to know how many acres are
E planted; .how much water is available from surface, soil moisture,;
and groundwater sources; how much water is used; and what the health
" status is of the state's fruit and nut trees. 	 Current information
` on these categories is especially useful in assessing the effects
of a drought.
c	 i
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Factors That Implement and Impede Technology Transfer
if technology is the systematic application of scientific knowledge,
then technology transfer is the sum of those activities through ithich the
knowledge is applied to resolve problems. 	 Technology transfer has been
4 described by one agricultural researcher as "a complicated process, inter-
laced with communication strings, shaped by a continuum of knowledge,_ and
i pulsating with research findings and user demands. 14	The integrated Pro-
12 See John E. Estes et al., "Remote Sensing Detection and Monitoring of
Perched Water Tables in Kern 'County," Chapter 3 in Robert N. Colwell,
An Integrated Study of Earth Resources in the State of California Using
Remote Sensing Techniques, Semi-Annual Progress Report, NASA Grant `GL
' 05-003-404, Space Sciences Laboratory, University of California, Berke-
ley, May 31, 1976.
13 For further description of the drought, see: State of California, Re-
sources Agency, Department of Dater Resources', The Continuing California
` Drought, August 1977; Anne Jackson, "How California Life will Change as
a Result of Two Parched Years", California Journal, April 1977, pp. 111-
122; and Ida R. Boos and James M. Sharp, "Impacts of the Drought on Water
{ Management in California`- A Socioeconomic View", Chapter 6 in Robert N.
{ Colcaell,op.
	
cit., May 31,	 1977.
14 K.E. Saxton, "Technology Development and Transfer for Natural RLsources
Management " Journal of Soil and Water Conservation, May-June 1977,
p.	 124.
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f	 ject, viewed in its entirety, can be seen as a continuing effort in tech-
nology transfer. It comprises parallel threads of research, research as-
334	 simil.ation, and application of research to California resource problems,
J particularly in the water area.
4; ^! Often the . transfer process is viewed as a vehicle through which re-
search investments are converted into social payoffs, usually measured
in economic terms.
	 In the case of water resources research, however,
the majority of new technological developments have few immediate and
readily demonstrable payoffs. 15
	Experience from the Integrated Project
only superficially confirms this observation.
	 Evidence of large payoffs
a are not yet visible in the current operating budgets of those agencies
r ' who have been project participants. 	 Nobody really expected them at this
° tame.	 Yet it is relatively easy to identify higher-order payoffs rep-
+! resented by individuals whose knowledge, capabilities, and careers have F
been changed by association with the project.
	 This sort of "person-'
embodied" technology transfer is essential if an ongoing program of use
r I	 = to resource managers is to be sustained.
In addition to the human element, remote sensing also contains por-
tions of "product-embodied" and "process--embodied" technology.,'
	 Outside
of specialized data reduction and image enhancement hardware, the product
component of remote sensing needing transfer is small.
	 In contrast, trans-
{ ferring the process by which useful information is extracted from raw data
` can be a large task, depending on the application involved.
	 Usually the
direction of transfer makes a difference on what is transferred.
	 Some of
the Integrated Project's findings have been transferred 'horizontally, be-
tween research groups, while most efforts are aimed at vertical transfer,
directed from research toward application.:. The fact that application of
research findings almost never is achieved in a single step explains why
technology transfer is considered a process.
	 The process through which
l an innovation is communicated from one individual to another through an
organization is termed "diffusion".
	 Correspondingly, the procedure by
! which new information is actually perceived, internalized, and used has
been termed the "adoptive process".
	 This has been portrayed as involving
! five stages along a learning curve consisting of (1) awareness, (2) in-
.^- serest, (3) evaluation, 	 (4) trial, and (5) adoption.16
r 15
Universities Council, on _Water Resources'(UCOWR) Technology Transfer
Committee, "Water Resources Technology Transfer, A Guide", 	 available
from the Office of Water Research and Technology, U.S. Department of
the Interior, Washington, D.C., January 1977, p. 6.
16 UCOWR, op. cit., from Everett M. Rogers, Diffusion of Innovation,'
£'. The Press of Glencoe, New York, 1962.
^	 1
PAGE+
k,f
pRIGINAL
QUOF pig
.. 6-14
a
Somurimes preceding and usually following technology transfer is the
pro,-rss of "information dissemination". While this activity is aimed at
stimulating user receptivity by creating an awareness of the ncw technol-
ogy, it can backfire when poorly handled. "Full dissemination and use of
research," according to a recent Office of Water Research and Technology
report, "requires an understanding of social systems by technology trans-
fer specialists and prospective users, and is necessary before effective
communications of new research and innovation can occur." 17 Throughout
the Integrated Project, our Social Sciences Group has attempted to provide
this kind of understanding. In -the remainder of this section we discuss
several topics aimed at promoting understar.^ding of remote sensing tech-
nology transfer processes as we have observed them. We consider, in order,
preconditions for successful technology transfer; elements which help im-
plement technology transfer; impediments to transfer, both user-related,
and technology-related; and potential pitfalls.
Preconditions for Transfer
Even a cursory exposure to remote sensing applications is sufficient
to learn that the technology will not transfer itself. It is occasionally
complex, it sometimes requires specialized equipment, the people doing it
require special training, and each application must be tailored to fit
the user's particular problems. Nevertheless, one does not have to look
far to find examples of applied remote sensing research that assume away 	 a
such difficulties. Excessive preoccupation with the technical "trees"
of applications can obscure whole forests of resource problems. And since
problem resolution is the usual 'end product desired from the application
of new knowldge, familiarity with a user's information requirements -dad -
decision processes is essential to direct the technology toward real prob-
lems. The whole transfer process is greatly facilitated, in other words,
when technology transfer objectives are coincident with the user's Per-
ceived needs
A closely related_ precondition for successful transfer is the user's
stake in the effort. In those cases where the user has a vested interest
in a positive outcome, the transfer effort is likely to proceed more
smoothly. Such an interest maybe created when the user agrees to contr-lb-
ute personnel, facilities, or other resources to the project, or when the
user is able to participate directly in selecting the area for technology
application and in evaluating the resulting outcome. Projects within the	 3
Integrated Project, for the most part, have attempted to demonstrate how
state-of-the-art remote sensing research can be adapted to problems faced
by water management agencies. Applications with more of a "user-driven"
orientation,, in contrast, normally allow user problems to guide selection 	 3
of the appropriate level of technology.
s
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Obviously, users are likely to have ,greater interest in partici-
f
pating in demonstrations of technologies they already know something
about.	 With remote sensing techniques especially, early user awareness
S can greatly expedite successful applications. Initial exposures to the
technology may come about through deliberate information dissemination,{
or by reputation from the experiences of other users.
	 In any case, ^'+
progress from a state of awareness to a state of interest and eventual,
involvement is much assisted by motivated individuals within the user
' organization.	 These people are often ahead of their associates in for-
! mulating problems and asking the appropriate research questions.
	
Their
p_ key role as intermediaries between general technical information and
] specific applications of it in new oerations has earned them a reputa-
tion of "technological gatekeepers". 8	 User organizations fortunate
enough to employ even one such individual have significant advantages in
-shortening their path toward successful `transfer ,of a technology like
remote sensing.
Implementing Elements
Attention to the right factors can often	 reduce the distance between
promising innovations and useful applications.
	 We consider here -a cluster
of elements which affect remote sensing implementation efforts.
	 These
elements are really multidimensional labels that reduce to near platitudes
if described in just a single dimension. Most everyone will agree, for
example, that sustained person-to}-person contacts between technology de-
velopers and users are essential to successful transfer efforts.
	
Similar-
ly, each element has its reciprocal: if improved communication linkages
foster transfer processes, then the same processes are likely to be in-
hibited without them'.	 All these elements acquire greater meaning when
qualitative dimensions are added.
;'. °	 Communication.
	 Feedback between participants is vital for sus-
taining transfer of an information technology like remote sensing.
Tailoring applications to a user's unique information parameters
[ is a job that requires intense communication in a; variety of modes.
Personal contact is clearly indispensible for establishing and
nurturing the sort of credibility between individuals needed to
transfer complicated technologies.
	
Geographical arrangements often
determine how ,personal contacts are made and maintained.
	 Other
media are also useful for transferring research findings but they
t must fit the target audience.	 Public relations media -- news re-
1 leases, magazine articles, broadcasts, and the like -- are geared
to general audiences, whereas newsletters, trade journals, dis-
plays, and seminars are more appropriate for specialized audiences.
s
18	 See: Thomas J. Allen, et. al., "The International Technological
^
Gatekeeper,"	 J E^cllnnlyc^ly T^ev.iew	 March	 ] 97. , p.	 1,	 discussed in
Dennis Goulet, "The Paradox of Technology -Transfer,",'Bulletin of
the Atomic bcientists, June, 1975, p.' 45; and Eduard B. Roberts, s
"Generating Effective Corporate Innovation," Technology Review, All-
l	 '
October-November	 1977,	 p.;27.'
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User manuals, such as those associated with Ghe Integrated Project,
are even more detailed and ,specific in content Specialized man-
uals are usually insufficient by themselves as communication tools.
They.bave greater utility when incorporated into technology trans;-
Fer ""packages" that include additional support and technical assist-
;.'..
	
	 ance. All these communications, rega.rd.less of intended audience
or medium, are benefited if simplicity
.
becomes their guiding prin-
ciple.
Coordination.. Establishing a means for coordinating technology
transfer activities involving governmental agencies becomes a nec-
essity in larger projects. A transfer process left- to the coor -
dinating abilities of 'individual researchers may be too speculative
for many users. The wide variety of possible coordinating config -
urations -- ranging from outside task forces to in-,house top ex-
t, ,
	
	
ecutives -- suggests some of theattributes needed for the role.
Above all, such individuals should be effective translators, capable
of bridging the gaps between researchers and users Moreover, it
helps if they possess sufficient authority and technical knowledge
to make the kind of decisions required to keep demonstration pro-
jects "on track". A mixture of pragmatism and ingenuity is also
an asset. An Office of Water Research and Technology report de-
j, scribes the coordination .Function in mechanical termsl 9 : "A trans-
fer program may be likened to a gear-wheel whose cogs' must mesh
with several other gear-wheels which are already in motion. The
program gear-wheel must be turning at the correct speed to achieve
correct meshing without clashing."
° - Continuity. It takes time to put i.ntoplace-an effective apparatus
for communicating and coordinating a process for technology accept-
ance. Even then, it may still take years before a technology like
remote sensing will begin to bear fruit. Disruptions in personnel
and support along the way can undermine credibility and morale.
Avoiding discontinuities in a long-term program of technology trans-
fer can be made even more difficult by the normal political and
budgetary cycles. The extraordinary length of such processes may
obscure their endpoint. "The transfer of a;technology will be com-
pleted,' r accord.ing to one researchcr20 "when the technology becomes
generally accepted practice, or when the chief officer of a govern-
mental unit routinely assesses available technology when presented
with a problem, or when the technology is readily available in the
marketplace."
19
UCOh1R, off.. cit.,'p. 17
20 Charles F. Miller, "Some Approaches to Transferring Federal 'Technology
	 ?
to State and Local Governments: The Lawrence Livermore Laboratory Ex-
erience " Proceedings of the National Sp	 ,	 	 ymposium on Utilizati on, of
arch, Deve lopment, 'Pest' and Evalua tion, San DiegoPeople-Relate d C:eiSC' 
`	 California, June 14-17, 1977.
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Competence. This quality is closely associated with the others.
Involvement of competent individuals in technology transfer ef-
forts is essential for maintaining credibility. User personnel
who have no one to turn to when they encounter application prob-
lems, or who suspect their technical consultants do not really
know what they are talking about, are less apt to embrace a new
	
{	 technology. Competency is thus one of those intangibles that is
	
f	 easier to recognize than to define. A competent technology trans-
fer specialist no doubt will possess a combination of technical
and general skills. Strong communicative abilities and an under-
standing of how to motivate a variety of personalities are nec-
essary attributes. These must be mixed with sufficientpatience
and dedication to get the job done.
° Commitment. No technology transfer'_ process can succeed without
commitment and support from a variety of directions. Commitment
from political leadership is one of the most useful sources of
support, but one of the most difficult to achieve. Legislators,
in particular, often fear that natural resources data collection
systems will turn into "bottomless pits". Securing the commit-
j tnent of top administrative leadership within the agency can also
greatly assist a transfer.. effort, but without sufficient ''fires"
already ignited within the organization's lower levels, there is
unlikely to be any "smoke" at the top. Financial commitment from
f
	
	
either within or outside the agency is important for sustaining
the effort, although agency-contributed resources tend to generate
greater user participation for the money. The commitment of tech-
nical expertise is another essential ingredient. Normally coming-
from outside the user organization, technical support requires
careful supervision to keep costs in line and work consistent with
user information needs. Finally, the moral support engendered by
similar commitments of other agencies working on parallel trans-
fer programs can be an extremely beneficial catalyst. Regular
information exchanges between different user groups helps spread
both technical and non-technical insights and maintain a continuity
of interest.
User-Related Impediments
Once a transfer process has begun, there are a host of other conditions
that influence user response toward the new technology, Here we consider
one set of issues that can impede or deny success to any technology appli-
cation effort: agency insecurities over the possible side effects of in-
eluding remotely-sensed information in their operations. These'consdera 	 s:
Lions point up the subtle distinction between evaluation of a technology's'
results and -the more comprehensive notion of technology assessment. They	 'r
t frequently escape more formalized evaluative procedures because they pos-
	
4 ;^	 q	 y
t
:	 sess poor visibility, defy meaningful quantification, or both. Yet failure
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to assess and anticipate adequately such "intangibles" can be disastrous
for a technology transfer effort. Implementation of any of a variety of
remote sensing information systems, From the viewpoint of water managers,
particularly, might be expected to raise concerns about the following
sorts of changes:
i
° Changes in activities.
	 Familiarity with an existing method of
producing resource management information can breed contempt for
new methodologies.	 Snow surveying work, for example, still makes
occasional use of men who ski through winter snows to collect snow
water content measurements.
	 Likewise, DWR agricultural inventories
require substantial field work that would probably be reduced in
satellite-based systems that use sophisticated sampling techniques.
For those who prefer outdoor rigor and "windshield surveys" to
stereoscopes, the activity changes associated with remote sensing
could diminish job satisfaction.
	 Concerns of this type are best
dealt with by implementing changes gradually.
17 ° Changes in budget.	 The possibility that any savings generated
- by new methods would result in reduced budgetary discretion is
a concern very real to agencies exploring new technologies.
	 Such
fears are likely to be exaggerated, however, since new me ,.hodolo-
gies
mentation11yProbably greaterSbud getary dislocationshare^caused  g ater 
	 yp
when outside support for experimental pro grams is withdrawn..	 Moneyg
and personnel "bootlegged" from temporary sources are often used
by resource management agencies to supplement relatively inflexible
s budgets.
° Changes in equipment.	 Certainly not all remote sensing approaches
are immune from "people versus machine" controversies that accom-
pany many high technology applications. 	 Yet of the applications
investigated under the Integrated Grant, most are designed to mesh
with existing agency methods with a minimum of equipment changes.
The manual method of snow areal extent estimation, for 'example,
divides the resource photo into grid cells for manual interpreta-
X Lion.	 The procedure is compatible with machine-aided classifica-
tion methods when and if they should be desired. 	 Proposed crop
inventorying procedures follow a similar tact: outside of extra
stereoscopes and acetate overlays, they use very little equipment
or material not already used by DWR in their own surveys.
° Changes in information.	 Agency concerns that a new technology will
be unable to deliver new information in the old format are frequent-
ly justified.	 A system for performing a. statewide inventory of
agricultural acreage in a single year, for example, would no doubt
` require broader land use categories than the less frequent but more
detailed system now used by DWR.	 Advantages and disadvantages of
,
changes in information scope and detail must be examined an a case-
I
by-case-basis.
? ^I
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Changes in jurisdiction. A related issue involves the possibility
that new information combinations might alter existing jurisdic -
tions over information sources. Since water resource and land
use information is `common to several stat-tagencies, changes in-
`.j	 itiated by one agency sometimes can affect the others. Efforts
I,	
to ,consolidate the information-ga ering activities of state
i r
	
	 agencies undergo periodic revival , and it is probable that the
	 FI
increased availability of synoptic data will encourage greater
consolidation in the future.
Changes in public image. Any agency making greater use of imagery
from earth resources satellites and U-2s should be prepared to en
j
	
	 counter public fears about "spy-in-the-sky surveillance. NASA's
civilian space technology is rich in a military heritage that for
a	 some people transfers guilt by association to those organizations
f^	 that make use of it. Farmers are often among the,first citizens
4
	
	
to voice their concern that remotely-sensed information will in -
vade their privacy.
Changes in skills. Increases in photo intrepetative and statis-
tical skills are almost always required to use remote sensing
	 t
techniques to an advantage. Such skills are transferred through
training and practice - there are no shortcuts to competency.
Fortunately, when agency personnel are already familiar with
aerial photographs of resources in their respective areas, the
skills transfer tasks can be simplified.
+
1
r
Technology-Related Impediments
r
User agency concerns over changes that might accompany the adoption
of remote sensing techniques are one category of impediments to technology
transfer. Another category relates more directly to characteristicsof
the technology itself. These factors can be equally influential in de-
termining a user's receptivity to applications involving remote sensing.
i	 We list them here
Complexity. This point can be 'summarized in the axiom: "If they
'dont-understand it.they wont use it.	 A user_or
 ganization's
	
 Y	 '	 "	  x	 s
i
	
	 pace of learning or adoption of the technology is ;governed by
that technology's complexity.i	 ,
° Specificity. The technology applications must specifically ad-
dress problems faced by the user. An elaborate "mousetrap" will
be of little use to an organization with plenty of standard traps
i	 or no mice. In addition, new technologies must prove themselves
21 See, for example, Legislative Analyst, State of California, "Water
aResources Planning and Agricultural Water Needs," January, 1973.
r
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along the way, and the ''proof" must be fairly tangible in a
relatively short time.
Availability.	 This term concerns the efficiency= of the tech-	 J
nology's delivery system. 	 The speed of data availability can
be critical for users with applications dealing, with transient
phenomena like snow	 areal extent or crop acreage. 	 Unavailable
or untimely data can subvert progress achieved in _adapting new
methodologies to user needs.
°	 Reliability.	 This concept has a dual meaning: it refers to the
quality and consistency of the data as well as continuation of
the data source.	 The second meaning lies at the core of the"
earth resources data "chicken and egg" problem where users are
reluctant to use the data unless they can be assured of its con-
tinued availability, and where federal support for additional
earth resources satellites is contingent on demonstrated user
acceptance.
Accessibility.	 The reference here is not to the efficiency of	 i
the delivery system but to its openness of access. < Prospective
users invariably ask about the secrecy associated with the gath-
ering and dissemination, of Landsat-type data.	 They usually are
relieved to find that unlike publicly-accessible military satel-
lite data which require detailed personal security checks, ob-
taining data gathered by civilian satellites is no more difficult
than ordering from mail-order catalogs.	 Freedom of access is
axiomatic as a condition for receptivity.
Compatibility.	 Potential users often are reluctant to try out
new data sources if they are incompatible with familiar decision
-' - models.	 Compatibility is particularly important when the user
is attempting to blend multiple sources or uses of data.
Potential Pitfalls
The negative counterparts of the elements which help implement trans-
fer attempts are most visible when the attempts are viewed in hindsight.
ri We see them as potential pitfalls for most remote sensing applications
thatinvolve governmental agencies. 	 Along with the user- and technology-
related characteristics that influence receptivity, the pitfalls can be
grouped among those elements that impede technology transfer.
° -Oversell. Supporters of many new technologies run the risk n
raising user expectations to levels beyond what current applica-
tions can deliver.	 No linguist is needed to note the increase
in praiseworthy words used to describe the technology as one'ven-
tures up through the administrative hierarchy;-- and away from
6-21
the user application level.
j °	 Overkill.	 This pitfall is related to the complexity problem and
user concerns about changes in equipment.
	
It often involves cases
where sophisticated digital classification capabilities are pre-
maturely applied to resource inventory problems.
	 A "computational
imperative" is thus thrust upon an agency that has yet to grow com-
fortable with manual interpretation techniques. 	 A solution for
cases like this are sequences of smaller projects emphasizing fun- J
damental principles in manual formats that can be easily adapted
to computerized methods, when and if they are needed.
Undertreining. The scarcest resources in most remote sensing ap-
plications are properly-trained personnel.
	 Unfortunately,; there
are no shortcuts available for creating more of them. 	 No amount
of half-day mincourses or two.-week. workshops, can substitute for
experience gained over several years of direct involvetmnt in apply-'
ing remote sensing imagery to resource problems.
	 Furthermore, dif-
ferent types of training are needed for different resource dis-
ciplines and for the various functions within them,
°	 Underinvolvement.	 An agency's ambivalence or lack of sufficiently
qualified or motivated personnel may seriously handicap their par-
ticipation in demonstration projects.
	 Situations like this can
cause agencies to turn over too much of their project to consultants
or others who lack familiarity with the agency's resource problems
and information needs.	 The risk here is that the agency will treat
the outside data manipulations as a "black box", accepting or re-
jecting the resulting outputs uncritically.
	
Not only does the un-
derinvolved agency learn little in this process, but it may over-
look sources of error that could have been easily eliminated.
Spurious evaluation.	 Agencies participating in remote sensing
applications can sometimes find themselves caught up in , a ;'rush
to judgment"
	
encouraged by powers far removed from the technology
implementation phase. 	 This situation can produce premature, incom-
plete, and incestually-validated evaluations of little use to any- -
one, ;especially the user.	 Agencies are very sensitive about num-
bers that publicize how poorly their existing information system
fares- next to an experimental model. 	 Rarely are new technologies
subjected to the more comprehensive assessments they deserve.
° "hammerMisapplication.	 This	 -nailg 	 pitfall is a variation of the
-;problem" wherein everything begins to look like a`nail if the only
tool you have is a hammer.	 It occurs most often in cases where the
user and technologists have failed to anticipate areas where the
technology can be advantageously applied to solve genuine problems,
d
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6.5 Mothodology of Technology Evaluation and Assessment
Isolation of a community of users and articulation of their infor-
mation needs are merely prerequisites in actually applying a new tech-
nology.	 A full range of technology transfer issues must be resolved
before any progress can hope to be achieved.	 These include a determina-
tion of the user's state of readiness and receptivity conditions, iden-
tification of key individuals and sources of support, and selection of
appropriate methods for communicating, coordinating, and evaluating
introduction of the technology. 	 All these issues, particularly that of
evaluation, are related to the larger discipline of technology assessment.
To call technology assessment a "discipline", however, runs the risk
of endowing it with more maturity than it actually possesses. 	 Though
". y the methodology has undergone considerable evolution within the last
decade, technology assessment is still in -its -infancy. 	 It is really an
amalgam of techniques borrowed mainly from operations research and sys-f,
tems analysis.	 As a result, technology assessment basks in a borrowed
glory because of a prestigious heritage in defense and space management.
Most of the discipline's applications have centered on narrowly-construed
problems in military, public works, or business domains.	 All too often
weighty conclusions are supported on a fragile base of deceptively pre-
cise benefit-cost calculations. 	 The failure of such studies to inquire
about wider social costs and benefits and their incidence on various
publics sometimes leads to unfortunate effects, including popular back-
lashes against engineers, scientists, and public officials.
A _' Experience with the earlier generation of technology assessment ef-
forts has prompted a reconsideration of their role. -A more mature ap-
proach is emerging that includes, for one thing, a growing consensus on
what a comprehensive technology assessment should be:22
(1) Any assessment implies a comparison of advantages
and disadvantages of a specific project or tech-
r nology.
(2) A technology assessment consists of two complemen-
tary and closely interweaving processes: forecast-
ing and evaluation.
(3) The object of a technology assessment is to dis-
tinguish between a technology's desirable impacts,
undesirable impacts, and uncertainties.
! (4) A comprehensive technology assessment attempts to
consider all relevant aspects of a technology's
-
impacts on society.	 It includes first-, second-,
22 Francois Hetman, Societe and the Assessment of Technology, OECD Publi-
Q r cations, Paris,	 1973,. 	 pp.	 350-390.
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and third-order impacts as well as impacts on
i	 various constituencies.
(5), Technology assessment is a multidisciplinary ap-
proach, it is iterative, and it is an instrument
^I
of policy making.
' For another thing, there is increasing sophistication concerning
the limitations of the assessment methodology. 	 Technology assessment
and its chief evaluative underpinnings (cost-benefit and cost-effective-
ness analysis) share several of these characteristics:
i	 (1) They are social advisory activities and do not by
themselves produce policy decisions.
2 judgments g( ) They are filled with value ^ments	 and assump
ti.ons .
a (3) They cannot be routinized.
(4), They depend on a continuous evaluation of the state
of society, since rapid changes in socioeconomic con-
ditions can upset many of their underlying assumptions.
' A heightened awareness of the inherent limits of quantitative analysis
. underlies much of the shift in attitude concerning assessment methodology:
Unhappy clashes with aroused groups of ecologists have
proved that when a dam is being; proposed, kingfishers
may have as much political clout as kilowatts. 	 How do
you apply cost-benefit analysis to kingfishers?.... In
the long run the entire Cartesian assumption (that
there are measurable and incommensurable quantities)
must be abandoned for recognitionthat quantity is only
one of the qualities and that all decisions including
the quantitative, are inherently nualitative.23
Also, there is realization that search for a single method for performing
assessments has been misguided: "The broad category of systems analysis
is likely to be the central theme in any assessment: 	 But there is no
general method, methodology, or techniques yet developed for conducting
a technology assessment. 24	 Moreover, there exists little assurance all
that different assessments will produce similar conclusions: 	 "Since
the specific methods for determing the unintended, indirect, and delayed
social effects of a given technology are diverse, unrigorous, and judg-
mental, different teams of equal competence are likely to generate dif-
ferent' technology assessment results -- different in emphasis and useful-
ness to decision makers."25
i 23 Lynn White, Jr., "Technology Assessment from the Stance of a Medieval
{ Historian", Technological Forecasting and Social Change, 6, 1974, p. 360.
24 M.J. Cetron and B. Bartocha (eds.), Technology Assessment in a Dynamic
Environment, Gordon	 and Breach, New York, 1973, p. 285.
25 Zissis and DiGiovanni	 op. cit.p. 15.
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F	 ` r f nothing else, continuing maturation of approaches to to chnology
assessment has produced a new humility regarding the interaction of tech-
i' nology and the complex systems that encompass man, society, and the en-
} vironment	 Increasingly, technology assessment is viewed as a means of
w1 obtaining some insights about the application of technology to 	 ele-
ments of such systems.	 Comprehensiveness is impossible; routinized aP-
proaches to different problems are unrealistic. 	 A well--conceives tech-
nology assessment may overcome the obvious limitations of a narrowly-
defined impact stud	 or an overt	 recise benefit-cost analysis, but itp	y	 ly-p 	 y
too will have limitations. 	 Nonetheless, an improved understanding of
'E new technologies and their effects on social and physical systems is
essential to avoid in the future many of the problems and mistakes of
the past.	 Even though we may not know how to assess properly a proposed
technological change, that should not prevent us from trying.
It is no accident that much of the evaluative foundation of assessment
methodology was built around water resources problems. 	 Governmental opera-
tions in the water resources area were deemed analogous to those of pri-
vate enterprise since the principal outputs of water projects---water and
power-- are salable commodities bearing market prices. 	 Not long ago,
evaluation of such projects meant assessing their contributions toward
objectives such as irrigation,, reclamation, hydropower generation, Mood
control, water transport, and municipal and industrial uses.	 These ob-
F jectives in turn often were collasped into a single overall objective,
measurable in terms of contributions to net national product. 	 intangible
project impacts, those not readily translated into monetary units, either
were neglected or minimized.	 Shifts in social priorities have thrust
some of these second order impacts into greater prominence. 	 Project eval-
uation today often means assessing contributions to such additional ob-
jectives as outdoor recreation, regional development, wildlife conserva-
tion,'scenic enhancement, and income distribution. 	 No single standard of
value, monetary or otherwise, can fit all objectives.
Assessing the contributions of an information technology like remote
i sensing in a resource management area like water resources further expands
the evaluation complexities. 	 Decisions, decision-makers, and `decision-
makers` objectives lie at the heart of the matter. 	 What ultimately counts,
`. as we mentioned before, is how the data are used to improve decisions.
Especially critical are assumptions concerning the extent of impacts ex-
} pected from the investment in questions, what impacts and affected groups
lie withinthese boundaries, and how the impacts are valued.	 An u?:der-
standing of the decision processes atwork within the affected' resource
management agencies can do more than illuminate these evaluation issues:
i it can also"help'in designing a technology transfer program compatible
a	 %° with the objectives of the organizations involved.
User objectives and decision processes are thus common denominators
for approaching 'both technology assessment and utilization questions.
k(
k	 1
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_i The qualitative elements within these processes often are far more useful
to resource managers than quantitative information. 	 For 'example, infor-
mation concerning the volume of potential-runoff contained in a snowpack
is of little use to a water manager with a reservoir nearing capacity,
1 He must decide whether or not to open the spillway, when, and for how long.
What the manager really needs is information that allows him to assess
better his risks in marginal, cases. 	 This implies an improvement in the
water manager's capability to handle improved forecasts.	 Decision makers
at the operational level, in other words, are looking for better informa-
tion on the consequences they face while pursuing alternative courses of
action.
The parallel objectives of better technology assessment and technology
utilization can be served best byinvolving the decision-makers throughout
the entire process of, technology development and transfer.	 This is so<
because it is the users who have the final word in evaluating 'a new tech-
nology.
	
Most ..potential users of remote sensing tecanology are simply
unmoved by paper-and-pencil evaluation games. 	 They recognize that ex-
ternally-prepared benefit-cost ratios exclude many of the considerations
most important to them. 	 They see impacts on their own decision processes,
job security, and organizational behavior being overlooked and obscured
behind voluminous but vacuous evaluative reports.	 The result for the tech-
nology developers is often an evaluative _"boomerang effect" in which users
perform their own subjective assessments and conclude, for various reasons,
that fruits from the technology are not worth their price.
By contrast, our notion of a worthwhile exercise in technology assess-
ment is pragmatic: we prefer to _learn from the users themselves as they
grapple with genuine resource management problems. 	 With this perspective,
we can observe the how and w_ y of their decision processes and see where
technically-derived information can be of use.	 It is clear to us that
state and local resource managers require more than a few years to 'adapt
a technology as complex as remote sensing to their needs. 	 Adoption of
the technology will be an evolutionary process, requiring a multitude
of piecemeal adjustments along the way.	 Contrived calculations and pre-
mature evaluations can only serve to divert attention from the more fun-
damental issues in this process: i.e., how to enable resource managers
to make better decisions.	 We thus feel it is appropriate that those in
i the business of applying remotesensing concern themselves less with quan-
\\ tifying the value of new information and more with the means for making
better use of the technology. 	 Only in this way can we begin to see the
technology for what it is really worth.
i
, t	
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SPECIAL STUDY NO. 1
Considerations in the Development of a Deci•si.on-Ori.enf_-ed
Resource Information System Incorporating Remotely Sensed
Data .n Vcntlira County, California.
INTRODUCTION
The expanding information requirements of resource management and
planning agencies at the international, national, state, regional and
local levels have provided considerable impetus to the development of
geographic information systems. One example of a local agency which
relies on environmental data as input into their decision making prjocesses
is the Ventura Caurrty'Public Works Agency. Although many types of re-
`	 source data are pertinent to this agriculturally-orientca county, two
a
data sources which o ^`fer valuable information and that meet some of the
environmental impact assessment requiroments are Landsat Multispectral
f	 Scanner data and the Defense Mapping Agency (DMA) digital terrain -tapes.
As part of its task to provide a guide for the accomplishrient of
a total resource inventory in a predominately agricultural environment,
the Geography Remote `sensing Unit at the Uni versi ty of California at
Santa Barbara is, currently engaged in a cooperative effort with personnel
of the Ventura County Flood Control District in producing a computer
compatible tape of the land cover in Ventura County obtained via satellite
and merged with limited resolution (63 meter) topographic data.
Legislation such as the National Environmental Policy Act, the
California environmental Quality Act, the State Sub-Division Act, Coastal
Zone Act, and the predicted passage of the Agricultural Commission Act,
r
i	 ii; causing an increase in mandated county data collection requirements
with corresponding increases :n`daca,acquisition costs and response time-_.
These laws and others have made many traditional data acquisition functions
and formats inappropriate or less efficient for meeting legal i qui re;ne r^ts.i
1 ^1
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In addition,
	
increased public environmental awareness has in sonic
instances collided with planned provisions for growth.
	 The nature of
county level resource management is twofold; 1) growth must be accomnio-
'indated	 harmony with the environment, and'2) planning methods and pro-t
(1>edure8 must be objective, -consistent, and comprehensive in order to
provide the decision maker with an informed., defensible management tool.
Res i bilt ies of Resource Management Agencies
Because of the comprehensive nature of the data sets associated with
the implementation. of many resOUrce managerent'decisions in all	 environments,
vitalthe	 agencies involved have a 	 and on-going need for the systeniatic
handling of data.	 In Ventura County, 	 the Public Works Agency ` (PWA)	 is
responsible for:
1	 e_	 Flood control	 o	 Waterworks
e	 Water conservation	 o	 Land development
•	 Shoreline management 	 e	 Surveying and mapping
i	 e	 Hydrological	 studies	 t	 Maintenance
s- Geological 	 studies
	
•	 Sanitation
a	 Transportation
	
o	 Environmental	 inventories
(public projects)
As a recent survey of Public Works information needs was being accumu-
lated, it becanie obvious that much of the necessary information was
,	
applicable to the	 needs of other county agencies. 	 In particular, the
Environinc, ntal 	Resource Agency (ERA) functions as monitor of many natural'
resource relatedp roblems usiti,g many of the same or similar data sources
as PWA.
7.2
The Inv i roniiienta l Resource Annecy is charged with the resnonsi bi l i ty
La
for
Environmental inventories (private projects)>
o -Plan and project reviews
o Planning and analysis studies
o Crop census
0 Disease detection
o _Soil suitability
a Monitoring  p ubl i s health concert-is 	 W4
The ERA is charged with the additional responsibility of processing
environmental impact reports as required by the California Environmental
Quality Act.	 {
OBJECTIVE
The objective of the research described in this report is to ,produce
a procedural manual for the application of remotesensing to the invet',tory
and management of the "resource complex" in a predominantly agricultural
environment. The 'tasks involved in this undertaking include:
1. The determination of user information `requirements for environ-
mental impact assessment.
2. A !;And cover classification of areas representative of. the
"resource complex" in Ventura County using remote sensing techniques.
3. The rectification and registration of Landsat data with digital
terrain data.
4. An evaluation of the accuracy, reliability, ` and utility of the
Landsat/Digital Terrain_ Tape, information synergism.
1i
li
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rSTUDY AR:A
The areas of interest in this study are defined by the boundaries
established on the
	 Oxnard and Matilija quadrangles of the USGS 1:24,000,
7.5'	 series topographic maps.
	 These areas are particularly representative
of Ventura County; with a wide sp ectrum of features.
.# AgrieuZture - the major agricultural area within the county i s the
Oxnard plain.	 Crops consist of various labor intensive fru>ts and vegetables.
Urban - the major urban features are the cities of Port Hueneme,
Oxnard, and Ojai.
	 These areas consist of well
	 developed commercial,
industrial	 and residential
	
areas.
Transj?ort:ation - the main transportation features are U.S. Hi ghways l
^; ! and 101, the	 Southern Pacific railroad, the Ventura County Airport, and
the Ventura, Channel	 Islands, and Post Hueneme marinas.
Plant eom.mmities-- of the eight miles of coast line within the study
;. area, approximately 3.5 miles consist of well 	 developed coastal	 dunes which
are dominated by Coastal
	
strand vegetation.
	 These dune areas are the only
remaining extensive dune areas within the County. ,`In addition to the Coastal
strand, other plant* communities occurring within the study area include
Fresh water marsh, Coastal 	 salt marsh, Willow riparian, Hardwood riparian,
t'
Coastal
	
sage scrub, Oak woodland, and Chaparral:
r, P12ysiography - the predominant physiographic feature is a gently sloping,
t holocene alluvial	 deposit which comprises the major portion of the study area.
CZimabe - the climatic regime is of the mediterranean type. 	 Annual
temperature extremes are 53°'F in January and 82°F in July.
	
Average annual
.^ rainfall	 is	 12".
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Landsat image of the Ventura County with outline of
the Mat ,
 'lija quadrangle (unoPr) and Oxnard quadrangle
(lower).
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OBLIQUE VIEW OF OJAI VALLEY
Photo shows mixed agricultural, urban and woodland forest
environments at the eastern fringe of the Matilija study area.
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OBLIQUE VIEW OF VENTURA RIVER VALLEY
Photo shows sensitive estuarine environment adjacent to the
urbanized Ventura area.
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Li1 The increasing data requirements at every level of government have
# spurred the examination of a variety of new sources of pertinent data.
An extremi^ely useful	 and versatile data source is supplied throagh rc^ ► ote
sensing.	 Aerial	 photographic and image products are "map'-like" in their
information content and are readily compatible with the graphics orien-
tation of geobase information systems.
r
i Remotely sensed data is applicable to relat i vely small, site specific
resource inventories as well 	 as to
	
large, countywide or statewide resource
surveys and can be analyzed -for a variety of physical data. 	 It should
i
# be possible -to provide_a quick, accurate means of mapping the vegetation
f
resources within the sudy area by correlating reflectance data obtained
.
1 from the `L_andsat system with data about the vegetation obtained from ground
a
and
	
photo sampling.	 The combination of remote sensing, digital 	 terrain
data, and other resource related data can result in a powerful and syner-
gistic data	 set.
Defense Mapping Age ncy Topo graphic Center (Df1A1"C) D_igi tal Terrai n Tapes
Topographic data 'has been obtained form a DMATC digital	 terrain tape
_9
Supplied by the National	 Cartographic Information Center (NCIC). 	 The
`d
di gital	 terrain tape is a computer compatible magnetic tape with dataj
1
recorded by digitizing a USGS 1:250,000 scale topographic map, resulting
d
} in	 elevation values for each 63.5 meter cell 	 (National	 Cartographic
_
Information Center,	 1970
In addition to elevation values., other terrain information such as
I
i
slope and aspect can be 'derived. 	 In essence, a computer program gill
I
a
;. 7 — 8 1
Oft-
fcompute a gradient vector at each point, with the vector magnitude repro-
f
f	 srntin`g slope angle and the vector direction component indicating aspect
(Krebs,	 et al . ,
	 1976)
I^
Geographic Informatio n Systems
R"i
Individually boor Landsat P1u1 ti spectral
	 Scanner digital
	 data and
i digital
	
ter-rain data ,ti;Foul d significantly benefit the county's
	 resource
F
?	 management information needs.
	 However, by combining these data sets in
rl
w
common register the resulting synergism offers additional and potentially 	 a
j	 more useful
	 information to the user.	 Although procedures for registering
i	 t_andsat and digital
	 terrain tape data are currently being developed by a
number	 of researchers,	 (Strahler,	 1977; Dozier,
	
1976; and Krebs et al.,
1976), to date no investigation has assessed the use of the data in they
management decision process oriented towards the total resource complex.
The development, of Geographic Information Systems 	 (GIS) has made it 	 a
i
possible	 to assertible a common data bank in a computer with the capability
!	 -	 of storing,	 retrieving and manipulating large volumes of resource data 	 r
on a variety of topic categories. 	 This data can be accessed quickly and
.r^
cost effectively for a variety of applications.	 In the context of resource
management and planning, output products are necessarily graphically
W	 oriented to include maps and drawings in conjunction with tabular data.
Ageographic-based information system is one which manages spatially- 	 ;1+
F	 -
coded data	 (Dueker,
	
1972), and should exhibit the following four character-
P	
•
N-3	 •istics	 (Kohn,
	
1970):
t	 1.	 Provide specific point locations, 	 as well	 as area	 locations of
	
, I
i	 1	 ,
data.
,x 	 l
x,_ 	
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2.	 Provide for variable aggregation (sub-setting) of data (i.e.
geocoding systems).
^ a method forspatial	 arran gements.3.	 P rov i de 	 i	 	   rep roducing 	 a	 _
4.	 Ability to interface with mathematical 	 and statistical	 programs
which can be called as needed to aid in the analysis of spatially
oriented data.
f
systemAn imago-based information system,
	
such as JPL's IBIS	 (Bryant and
Zobrist,	 1976), utilizes software and di gi it	 processing techniques to
interface geocoded data sets, digitized thematic maps and remotely sensed
data.
	
This approach is extremely amenable for incorporating remote 'sensi ng k
j data	 (such as Landsat),	 thematic maps, and-digital	 terrain data.	 In
other words, all data is put into image format through digitization or
raster scanning and is manipulated through image processing techniques
into the context of an information system.
Many states, federal	 agencies and local jurisdictions have experimented
with	 or implemented computerized geographic information systems. 	 In a
study conducted by Washington University (St. 	 Louis, Mo.), over thirty such
systems were analyzed to learn something of the functional nature of their
operations and to determine what factors might explain the degree of success
they have achieved, if any.1 For eleven systems, thirty-one functional
„ atrributes were examined such as ownership, products avai labl e, fundi ng
sources, problems encountered and so on.
	
The analysis was based on inter-
views with system perLsonnel,' 	 ubli shed ,re orts,	 and other compendia.	 -
Success, as measur&a by user satisfaction rather than engineering _perfor-
mance, N.,-a s found to be high est for those s ystems developed in-hous e by
pple familiar with user needs and for systems^desicned to meet a few
needs well
	
Systems appear to be better received when they can produce
ma y_ and Ph oto grraa h c , as k.e1l 	as compute r outputs.i
	j	 ADDRES.SIwNG USER NFEns
	r	 The process of environmental impact assessment requires a large
•f 1	 volume of data, of many types at a number of levels of aggregation,
(State of California Office of the Secretary for Resources, 1972). The
conduct of such an assessment can be seen as analogous to the Production
of a total resource inventory. It is not difficult to intuitively appre-
ciate the potential that a geographic-based information system holds for
^I
^.	 meeting the difficult data requirements of the impact assessor. Concept-
	
N	 ually, such a system is able to offer the user an array of data of various
c
	#..	 types, at a number of levels of aggregation, for specific geographical
locations dependent upon user requirements. Up to now though, the greatest
problem has not been in the development of the information systeri, but in
the finding of interested users and/or in the implementation of the system
a	 within their agency (Tomlinson, 1977). Fortunately, such is not the case
for this project, where the Ventura County Public blocks Agency with
Su pport form the'Co •untY Board of Supervisors and the County Environmental
E
Resource Agency is actively pursuira the development and implementation of
`	 an image-based information system. In terms of data development for the 	 `aai
system, they have stated a first priority interest in the Landsat and
digital terrain data sets.
The following section of our re port was prepared by Ventura Countyg	 p	 p	 i
r	 personnel as a justification for subsequent investigations into the county
t	
level use of remotely sensed and digital terrain data.'
Eli
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RATIONA I,D
The rationaZe behind undortaking the rIgoVoUs tor:k of documenting
and	 modoUng co»;ptox biolort2 cal inte.raotions -in a a g obasod conto t is
rooted in the prem;r.n, that, sound reoource management policy and environ-
mental, impact anaZysin r:Quire a reliable, standardised information system
accessilr7e and appZi.cabZe to a wide range of planning and resource manage,
meat	 policy decisions.
TO resoZve some of these Problems,
	 two modifications are currcntlzt
baing Considered.	 Vie. first involves the use of remotely sensed data for
. vegetative mapping.	 By using data acquired by multispectraZ socnnLng from
the LaMsat series of satellites, it is possible to obtain good resolution
of vegetative types, the -ability to assign location to this data, and
combine this with a var ety of non-remoteZy sensed information about the
same location.	 The second modification, although_iniuitiveZ2 sinr.Ze 	 is
difficult to apply because it is arbitrary and often subjective.
	 This is
tha concept of habitat. 	 Habitat in itself represents a re inemcni; over
floral/fauna.Z correlation in assigning predictable distribution and occur-
rence of both fZoraZ and fua72al species because it takes into account abiotic
physical, and structural charactcristics as well as the bLoti.c relation.-
ships to which organisms address themselves where they occur.
The strength of these tzwo concepts lies in the way that muZtispectral
scanning may be used with other dat_-r sources to develop the habitat concept
by	 appZyiyag vegetative mapping, terrain data, exposure, and other physicaZ,
and chcwicaZ factors such as geology and soils data. 	 Habitats can be
formulated and	 ceded without this treatment,, but a multidimensional geo-
based analysis of faunaZ distribution promises to have tremendous utility
and to, be statisticaZ.7.y sound.
	
Ground truth will bercquire=,d for verifica-
tion of	 test sites, but this will allow further system refinement.
i	 Landsat	 offers the OPI)ortunity to continuously update, the data base
and to monitor land use change, both in naturaZ and man-made environments.
It is the introduction of this time dimension to aocurat^ely nrodcZ i:1ie
dynamic nature of bioZog-i.caZ interactions which Zends strength to the
analysis of both actual and potentia.Z impacts on natural systems. 	 These
can be examined cUm z,t ZativeZy as iceN. as	 in Zong range terms, both locally
and in a more comprehensiveregional frame. 	 Thy driv2}2g force re.s^ionsiblefor this planning and analysis aid is Landsat.
Thomas Wood, Ventura County F'7ood Control District
- L
J	 The initial County task was to become knowledgeable in flora and r,
fauna inventories;, and produce a product that would interface with exist-
hl	 t	 d	 d +1	 t	
f	
er-ing and	 planned programs, availa	 e	 g ar ata7o,	 an Ie exper ise o	 p
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sonell in ' Ventura County. The task of assembling the necessary data base
is extensive and must be considered an ongoing task. Data entries are
based on relevance and availability of information. Lists of plants and
p p	 Y	 J	 typ eanimals have been re arced for ever ma 'or t e ofi environment in Ventura
County. Additional texts have been written on special status wildlife.
Through the conduct of these surveys, it quickly became apparent
that many ^^f the problems resource management decision makers are faced
with today involve information, its manipulation, and retrieval.
In an effort to secure the time of a County program analyst, justi_
,L	 fication of a computerized flora and fauna inventory was presented to_
	
	 is
staff level management and stated that the; implementation of such a system
would produce a variety of benefits including:
1. Accuracy and consistency improvments,
2. Easier revision of data tease,
3. Ease of data manipulation allowing determinations to be madeghat are not now feasible,
:. f 	4. Savings in man - hours over present data search techniques,
-I	 5. Time saved by supporting personnel, e.g,, secretaries, and
`	 6. Ability to expand the data base by incorporating envi ronniental
data generated by outside agencies. 	 l
.{	 These justifications and an explanation of available remote sensing techni -	 i
a t^—f	 ques, geo-based and image--based information systems .generated an interest
in the program and an unofficial commitment of personnel and equipment.
Continued involvement of a key punch operator, a program analyst and a	 !'
{
growing knowledge of the problems and possibilities of the program led
to a revised project that is greater in scope, more sophisticated and
' IJ! 	readily instituted. In addition tile project includes research into other !	 {
' 
V
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applications of the	 vegetation analysis program such as water conservation,' a
groundwater, land use, fire hazard, flood control studies, and soil erosion.
The goals of the original project will likely be met in a shorter time
than had been hoped for through the involvement of greater staff support,
x This involvement has changed the focus of the project from a'learning exper-
ience to user	 oriented applications research in remote sensing and z
(
experimental usage • of remotely sensed data at the County level for environ-
mental resource management (see Appendix 1).
	
Important changes in the
s
project are:
,s
r
r
l..
	
A team oriented approach`.
{ 2. ` Di vi lion of taf s .according to expertise.
t
{ 3.	 Planned independence of the Ventura County Public Works Agency
from the	 UCSB Geography Remote Sensing Unit in image processing.
4.	 Involvement of outside agencies, such as California Fish and
Game, U.S. Forest Service, Department of Interior, Fish and
Wildlife Service, etc.
Description of the Developing County System
DORIS is an acronym for Decision Ori..ented Resource Information System.
The name was carefully chosen to .express the intent of the program designers.
{fr DORIS addresses many resource-related problems as it facilitates storage
of ' large amounts	 of data that can be easily manipulated andretrieved
`ain	 cost effecti4ve format that allows decision makers to address resourcei {
j issues in a timely, informed manner.	 The system has been termed "Decision
Oriented	 because it is being designed to allow county level resource
managers the	 ability to interactively' assess and interrogate data from
the system, so that time and cost efficient policy decisions result.'
t- f
iDORIS will initially manipulate spectrally derived land cover data
From I nndsat, terrain data from digital terrain +n or, and natural
resource data from field surveys. These merged and overlayed data sets
c
i:ffer synergistic data for specific information needs of the County's
13	 Publ i c Iv
 h-,
	Agency. Ultimately, , a wide variety of _ data sets will be
incorporated into the system. This will be accomplished in response to
user data needs as ascertained by a survey of the County's data require-
`.	 !	
meats.
Data Categories
^•'	 In order to supply the necessary information to the many potential
(lJ
	 i	 users of DORIS, it will be necessary to acquire a considerable amount
..i	
of data from a wide vareity of sources. For the sake of convenience,
5
data can be roughly grouped into four categories: (1) cultural, (2)
physical, (3) biological, and (4) remotely sensed data.
CuZtz.i2°aZ data will in many cases be supplied by the user for incor -
poration into the DORIS data banks, although supplemental information
will necessarily be.acquired -Form other sources. As an example, Dime
files, general plan maps and archaeological data will originate from the
appropriate county and city planning departments and sections. This 'in-
formation trill be input (to theDORIS disk) via the board digitizer or
fed directly from computer compatible tapes (CCT) via telecommunications
link.
t
PhysicaZ data will originate primarily from USGS base maps, DMA
digital terrain tapes, U.S. Soil Conservation surveys, California Depart
E	 meat of Mii nes and Geology su rveys, and 'compiled meteorological information
1x
	
tl	 +
7
	
^
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	r	 from the U.S. Weather Bureau. CCT information will be fed into the DORIS
disk via the telecommunications link, while, other graphical and tabular
	
,i	 ,
	+	 data will be input via the digitizer board or computer card, whichever is
appropriate.
Comprehensive biological data such as specific flora and fauna infor-
VIA
mation will be input to the DORIS disk through the board digitizer (graphics)
and on computer cards.;
' Remotely sensed data will	 be rectified, classified, and input into
the DORIS disk via a telecommunications link between GRSU and the DORIS- Q
3
center.
j
.
Data Interrog,aticn and Analysis
Even with properly rectified and registered data sets, the combined
` data is 	 not useful	 information unless it can be accessed and displayed.
.^ To accomplish this, data interrogation software must be developed, so
that	 the appropriate information for a'particular area is accessible.'
The actual	 delimitation of the locations for 'which- there is an information
need,	 (e.g.	 flood control	 districts, biological	 habitat zones, etc.),
will be determined by the appropriate planner or resource manager.
i The final	 data output essentially will be a geocoded, multilevel 	 data
w set containing classified land cover, elevation, slope, and aspect infor-
mati n.	 Output formats will vary according to the information requirements
of a.	 particular user agency.
}
Past efforts by others in information systems of various types have
k often led to	 systems that though technically efficient, are oriented
towards hardware and software efficiency not designed primarily for ease
1
^,.. r-16
.41 11 '
1
	
!	 of use by unsophisticated users. Such ease and frequency of use am
essential if the users are to become fami l i ar enough with the sys t.211i to
r.
? ^'	 be comfortable in using them in the deCiSiUn making p1'CrGeSS. Giverl i:he
above cor.si dorati ons , the Ventura systelrr has been designed for valid and
coati nll i 5ij LIST: it) deci sion ii aki nt, process i n as many circumstances as
i 
	
f	 appropriate. The principal data bank will be stored on equipment maintained
_	
by the Ventura County Flood Control District (VCFCD)	 It is planned that
as soon as relatively low cost computer terminals are placed at locations
"	 convenient to indiv i dual agencies, data sets particular to each agency's
`	 needs will be provided
u
The master data set and any individualized data sets will be updated.r
as required. This updating will be done upon request:, or when such Lip-
lA3
dating is dete ►-mi ned by the lead agency to be valuable. The lead agency
will also assist othct County agnccies in locating or developing co,pl.tter
models with specific applications that may use the data contained in the
DORIS fil es .
TECHNICAL. SUPPORT, EDUCATION, AND TRAINING
._l The University of California at Santa Barbara is responsible for
providing "technical support to County staff. UCSB will coordinate with
	I°.	 the DORIS program development team by aiding in the development of basic
r
	
	 sofb%,are, securing necessary base data,; and providing technological
services in the areas of cartography and `remote sensing.
4
GRSU is currently developing its software capabil ities to i mplcme.nt
a variety of image processing programs. Some of these include:
i	 F ORIGINAL PAGE .,f}
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4e LARSYS (Laboratory for Applications of Remote Sensing-Purdue
University) - a statistical image processing package for the com-
puter-assisted classification of remotely sensed digital data.
0 DIRS (Digital Image Rectification System-Goddard Space Flight
Center) - an image processing system for the rectification and
geographical registration of remotely sensing digital data.
r	 v VICAR (Video image communication and Retrieval--Jet Propulsion
	 }y
Laboratory) - a system for the manipulation and enhancement of
digit data.I
i	 c IBIS (Image Based Information System-Jet Propulsion Laboratory)
:.
- a system for manipulation, interrogation, and geocoding of
digital data in cell , and playgon format.
These software packages facilitate the efficient transfer of both
map- and remotely sensed- digital data into compatible sets for regi sera-
	 t
i	 lion and interrogation. The present system requires technical support,
l
h
° and the use of the UCSB Computer Center and Computer Systems Laboratory.
Towards the goal of Ventura County independence from the Geography
^	 Remote Sensing Unit's image processing capabilities, a GRSU staff member
has been assigned the responsibility for identifying educational needs
of Ventura County i.echnical staff and non-technical persons and conducting
	 'J
user training and education programs. He will coordinate with the DORIS
}	 Program Development Team by providing user need information and receiving
requests for user training.
An exchange of ideas, leading to education and understanding, is an
important component of the implementation of DORIS. The personnel involved
t in this program have the knowledge, desire and ability to accomplish an
i
.	 effective education program for both county and university personnel.
Education is required not only of Ventura County personnel in a broad
range of basic geographic information systems and remote sensing concepts	 w
y
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and applications, but also of University personnel in the County level
data needs and system design priorities. The educational phase of DORIS
implementation is presently planned to take two forms: (1) formal class-
room instruction,  and (2) information workshops and seminars. Emphasis
jj	 will be pla..ed on the latter of the two, although both types may run
^	 L4 concurrently. Formal classroom type lectures are required, as there is a
=f 	certain body of theory and application constructs which are best presentedr,
in this setting. Such course work will be kept to a minimum and informal
seminars and workshops will be encouraged. The best way to learn about
geographic information systems and remote sensing is by working with the
data and problems in a highly interactive environment. For the purposes
of this project, formal course work could be arranged through the extended
C	 `^
University and conducted through the University of California's Office of
Area Representatives. It is anticipated 'that such courses could also
carry university credit. Informal 1 ,rorkshops and seminars could be pro-
x
vided in a similar-fashion or be held with county departments or other
units on an ad hoc basis.
Another responsi bi 1 i ty • of the GRSU will be to utilize merged digital
map and remote sensing data for applications projects. The Geography
Remote Sensing Unit is interested in the potential uses of digital map
data, combined with remotely sensed data through image processing tech-
niques.
This new and appealing idea of merging remote sensing and terrain
data into the context of an information system is certainly not without
its shortcomings. Cecasue of this, an in-depth look at the accuracy
i
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and reliability of the, data from acquisition to output,
This will be accomplished both through a theoretical di
assumptions and decisions concerned with the attributes
Y
will be required,
scussion of the
5
of the data
I A
t
	throughout its manipulation, and through systematic checks with conven-
r
t •ionally acquired ground truth data.
ADDITIONAL CONSIDERATIONS OF A USER DEVELOPED SYSTEM
Count /State Interactions
'	 The development of state geobased infor ►nation systems has been retarded
due in	 part to problems other than the technology involved.	 Many of
,l
these problems could be solved or at lease substantially reduced by state-
county cooperation during the critical 	 stage of system design.	 More specifi-
cally, a statewide system integrally designed to be upward compatible with s
county Level	 systems would have the following merits:
System definition and necessary modifications could begin at the
'	 county level with smaller data sets and correspondingly lower'
initial	 data acquisition, operation, and update costs. 	 The results r
of county studies would be easier to confirm and there would be
' !	 less area to ground truth.	 County level	 participation would
provide local	 expertise (for classification and ground truth)
which would be difficult to duplicate at the state level.	 County
t	 1 personnel	 are better , prepared to do accurate classificaiton in
finer detail.
	
In addition, assignment of confidence levels in
statistical manipulations ,of the data can more easily be deter-
mined by countyresource and planning personnel due to their more
intimate. knowledge of the date set and its utilization's.
e	 Within a single county there are fewer autonomous agencies to
deal with than at the state level so procuring agency support and
cooperation would therefore be an easier task.
4,
a	 Although the initial	 set of user groups would be more limited, the
potential user community for geobased information systems is r	 ^-
k much` broader at the county 1 evel . And i n addition to traditional l	 I
I resource management and planning activities, a county level 	 infor-
mation  sysrern can be applied to functional	 "public works" projects :. f
f that canprovide some measure of cost-effectiveness and utility.
Y
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Upward compatibility would allow many statewide information needs to
	
► 	 be satisfied by aggregation of county data. 	 In contrast, top-down designing
runs the risk of alienating potential users through the use of incompatible
formats and classification schemes that may not be easily disaggreg•ated to
meet county level needs. Early establishment of compatible system features
(such as the hierarchical classification scheme proposed by Anderson in
United States Geological Survey Professional Paper 964) could avoid these
potential problems.
r
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AN INFORMATION SYSTEMS APPROACH TO INVENTORYING THE TOTAL RESOURCE
COMPLEX
Information requirements of-resource management agencies at the inter-
	
^a	
^,ai<
	
r
"	 n onal, national, state, regional and local levels continue to expand.
To effectively inventory the total resource complex, resource managers are
faced wIith the need to store, update, and access environmental data in an
accurate and efficient manner. -he approach taken by this research effort,
as an attempt to offer solutions to these resource management needs, is
	
(	 1. Conduct a survey of information requirements of county level
	
f	 resource_ managers,
2. Derive a land cover classification of the ' two topographic quad
study areas from geometrically rectified LandsatJMSS data.
3. Merge the classified study area data set, with terrain data
elevation, slope, and aspect} from a Defense htapping (DMA)
digital	 terrain tape, in the 	 context of an ;image-based infor-
mation system.
i'
4.	 Determine habit zones of various flora and fauna by interrogating
the merged land cover and terrain data sets in conjunction with
-	 pre-determined biological	 habitat characters itics,
	 i.e.	 vegetation/
elevation/aspect,
I j
The general approach as outlined above will 	 seek to implement a digital
information storage system that utilizes remote sensing inputs, for resource l
managers at the county level. 	 Each of the above tasks are described in
greater detail	 in the following pages.
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Survey of County Level Resource^na e	
-,eds_.^ient Information'.1,1L
The operational downfall of many goegraphic information systems in
the past has been the result of a failure to meet the needs of the intended
user.	 All	 too, often packaged systems have been purchased and implemented,
wii.h little consideration of what the user agency requires.
	 Ideally an
informa t ion system should be custom designed to meet user requirements.
But even if an interested agency purchases a marketed system, the designers
must consider the characteristic elements of a user's information needs
isL such	 as resolution, timeliness and formats.
The initial
	 step in our approach has been to request from the Ventura
County Public Works Agency their highest priority information requirements.
From the list of requirements an assessment was made as to ' which categorical
needs could be met by merging remote sensing data with another data type
in the	 framework of a demonstration project. 	 The highest priority re-
quirei,-:ents as determined by those agency members with which most communi-
cation were made -were involved with determining land cover and terrain.
A	 secondary interest of crop identification in the Oxnard Plain agricul-
tural region was also stated, and chosen to be a secondary focus of the
research effort.
The Ventura County Board of SupervisQrs are currently applying for
financial aid from the California Siate Office of Planning and Research
(OPR) to conduct an in-depth survey of the information requirements of all
county	 agencies involved in resource management activities. 	 The survey
will be conducted with a careful minimization of biasness by members of
the Ventura County Public Works Agency and student interns from UCSB.
The Survey will 	 seek to determine categorical, spatial and temporal
ORIGINAL PAGE 1S
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resolution, and output data format inrormation requirements for each
division within all	 resource-related agencies. 	 GRSU researchers will
then determine the optimal data source (incl'uding remote sensing) as well
F
floatas	 the data is to be incorporated into the information system.
t
Ventura County personnel will	 make the final decision on priorities for
I implementation of each data type.
Derive Land Cover Classification from Landsat/MSS Data
s As the two high priority information requirements involved the deter-
mination of surface cover types at a farily coarse spatial resolution
level, it was decided upon to use Landsat multispectral 	 data to derive
this information.	 The study areas chosen to make the analysis are the n
areas represented by two 7.5 minute topographic quad sheets.	 The flora
and fauna habitat study area is represented by the Matilija Quadrangle and
a predomoniately agricultural area by the Oxnard Quadrangle._ 	 land cover
classification and other data sets will be merged on a quad-by-quad basis.
I
1
The Ventura County agencies are planning to develop DORIS so that the 7.5
minute quad is the working storage base.
` A digital approach is being utilized and will 	 thus be the scope of
analysis in this section and in the Procedural	 Manual that follows.
Consideration	 of manual	 remote sensing derived classification will	 not
be discussed	 here.	 Readers are referred to references that discuss the
s_ manual vs. digital 	 approaches  to Landsat derived classification.9i
r:
The geometric correction of the raw. Landsat data is best accomplished'
prior to classification so that the scene is as close to ' orthometric as
'.' possible.
	
This becomes necessary when developing a geographic-based
i
7-24	 .
 d
,.7'
information system, as data values must represent their true geographic;
'	 !	 location. Rectification has been achieved through a two-dimensional
iI	 least squares fit technique, as part of the DIRS image processing software
package.. This method requires the selection of accurate ground control
po-Ints from the Landsat scene (Goddard Space Flight Center, 1976).
a	 Statistical techniques in the digital machine processing of Landsat/
:I
MSS data for land cover classification have been the focus of a great deal
9	
i	 .
of research in the past ten years (Anuta and MacDonald, 1971; Su, 1972;
fi
Steiner, 1972). The general progression of processing steps are as follows
(Lintz and Simonett, 1976):
a.. Determination of class categories
b. Feature extraction
c. Pixel classificaiton
d. Output of classification results
Statistical approaches to the classification vary from supervised to non
supervised and parameter to non-parameter. Supervised classification
involves the selection of training fields for each class, where the
a	 feature extraction phase simply derives class statistics (mean, standard
deviation, covariance matrices) as a model for subsequent classificaiton.
Non-supervised classification involves the grouping of pixels into classes
R	 according to their relative proximity in feature space. Classification
is then based on the statistical feature extraction of the "clustered"
groups. Parametric and non-parametric approaches differ on the assumption
^f ^ 	of a g ausian distribution of s pectral values, and thus o about a
different means of deriving classification statistics.
h
l
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A supervised, para ►^ ►etric approach is being used to classif y land
cover in the Ventura Study areas. This method was decided upon after
considering the time and costs associated with the varying approaches, and
the availability of in--house processing software and literature pertinent 0
' to	 the subject.	 The software used to derive the classification is
LARSYS, created at the
	
Laboratory
	 PPof Applications Remote Sensing (LARS)
at Purdue University.	 The actual classification algorithm uses a maximum-
likelihood rule.
Th classification of the	 hiatilija Quad study area for flora and fuana
habit assessments, is based primarily on natural
	
vegetation, cover classes.
-i These classes are of a level significant to the general 	 vegetative class
- scheme associated with the habitat zones. 	 They are:
s	 Coastal sage scrub
e	 Chaparral
' a	 Oak Woodland
r
o	 Grass Lands
e	 Non-Vegetative (Barren and Urban) x-
` o	 Fresh later
•
	
Agriculture (crop types for the Oxnard study •area)
rl
Merge Land Cover and Terrain Data Sets
To explore the synergistic ciaractersitics of merged data sets in
an image-based information system context, the Landsat derived land cover
s
- y
data is being
	
registered with the terrain data of the DMA digital 	 terrain
-	 -^ tape.. This merged geocoded data set should provide the information necessary
Y
f to determine the flora and fauna habitat zones required by Ventura County
resource managers.
7-26.
_ l
IRegistration is achieved by finding ground control or tie points,
relating Lardsat pixels and terrain grid cells that represent the same
geographic location. This is achieved digitally through a computer
algorithm,	 after the selection of tie points.	 Upon registration, the
stacked data	 sets become four levels of an digital	 image- `)ased information
system.
	
These	 levels are:
_
1. 	 Land cover
2.	 Elevation
3.	 Slope
4.	 Aspect
Levels 3 and 4 are calculated by simple software routines from the raw
elevation values	 of the terrain tape.	 This	 is discussed further in the
Procedural Manual
	
that follows.	 By referencing the digital 	 values to a
geographic coordinate system, the data sets become geocoded.
Determining Habitat Zones by IntorrogatjU the Regilstered _Data S ets
The interrogation of registered,	 image-based data sets by extracting
data	 for	 locations,	 farily	 informationpertinent	 requires	 sophisticated
system's software.	 To utilize this data, one must be able to access any
point (grid cell),	 line	 (chain of grid cells) or polygon area 	 (grid area
n within a connected chain of grid cells). 	 An image-based system is based-
on the raster grid as the smallest data storage cell..	 This,	 if data is
transformationneeded for a polygon delineated area, a polygon to grid
is'	 necessary.
The determination of potential habitat zones will be derived from
certain land cover and terrain information criteria. 	 This is based on
natural	 history research conducted by Ventura County flora and 'fauna exports.-
.	 VAOF GWAL	 E TS
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By inputting the various ranges of land cover and terrain conditions
	 0
associated with a flora or fauna type of interest, it is possible to
1) determine thenumber of cells meeting such criterion, which can then be
associated with an area measure; and 2) produce a map of potential habitat
zones
The point, line, or polygon accession'software will allow the interro-
gation noted atbove to be made for locations contained within or on several
quad sized data bases. The development of these software capabilities are
currently being jointly undertaken by programmers at Ventura County and
I	 GRSU, so that they are operational within the time frame of this grant.
}	 Futher DORIS development will implement the IBIS (Image-Based Information
System) of Jet Propulsion Laboratories, Cal Tech. IBIS will allow these
and other useful data interrogation capabilities.
4
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Ily inpu'Clting the various ranges of land cover and terrain conditions w-,sociated
wi th a flora or fauna type of `i`nterest, it is possible to., 1) de termi ne the
number of cells meeting such criteria, which can then be associated with an
T ^
	 area measure; and 2 produce a ma ofI	 a	 )p	 p	 otential habitat zones.p
The point, line, or polygon accession software will allow the interro-
elation noted above to be`rnade for locations contained within or on several
quad sized data bases. The development of these software capabilities is
currently being jointly undertaken by programmers at Ventura County and GRSU,
i	 .
1	 so that they are operational within the time _frame of this grant. Further
.	 DORIS development will implement the IBIS (Image-Based Information System)
of Jet Propulsion Laboratories, Cal. Tech. IBIS wi- 11 allow these and other
useful data interrogation capabilities.
SUMMARY AND CONCLUSIONS
In this report 'a systematic discussion is given of the various considera-
tions that are involved in developing a resource information system, based on
remote sensing, that will facilitate the decision-making process as it is
I	 praticed by resource managers. Three primary information components for such
a system are considered: 1) Remote Sensing Data 2) DMATC Digital Terrain TapQs;
L
and 3) Geographical Information Systems. It is emphasized, with the aid of
a	 specific examples, that-the satisfying of user needs must be given highest
' priori ty, both in the development of data categories and in the formulation of
techniques for data interrogation and analysis. The study concludes with a
detailing of additional factors that must be considered when developing a user-
",	 oriented resource information system. Reference to Chapter 4 of the present
r	 Progress Report will reveal how many of these factors and considerations can-
^}^	 be systematically treated by the following of successive steps as set forth in
ty a Procedural Manual.
rt
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SPECIAL STUDY NO. 2
x
REMOTE SENSING AS A DEMONSTRATION OF APPLIED PHYSICS
p	
Robert N. Colwell
E
n
5.
G,	 Note: This is a somewhat modified version of a paper which the
author is to present at the forthcoming annual national
meeting of the American Physical Society. It is based
largely on work performed under the present NASA grant.
An abbreviated form of thispaper'is to be employed by
remote sensing training specialists at the NASA Ames Re-
search Center in future training programs conducted by
	
,
that center -under NASA's Western Regional Applications
t,.
	
	 Program. Also the paper has been accepted for publi-
cation in a magazine of international circulation known
as THE PHYSICS TEACHER. It is believed that all of these
€
	
	 measures can further NASA's objective of achieving the
transfer and acceptance of remote sensing technology.
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REMOTE SENSTNG AS A DTWONSTRATTON OF APPLIED PHYSICS
by
Robert N. Colwell
The basic science known as "physics" is concerned primarily with
matter and energy relationships. So is the applied science known as
"remote sensing". The primary purpose of this paper is to consider
various ways in which the basic principles of physics are finding prac-
tical application in the fast-growing field of remote sensing.
As presently understood, the term "remote sensing"pertains pri,-
marily to the acquiring of information about features on the surface
j	 of the earth from an analysis of data obtained through the use of
is
	
	
cameras or other sensing devices that are mounted in an aircraft or
spacecraft as it overflies the area of interest. The primary features
that are sensed usually are the earth's natural resources, including
its timber, forage, agricultural crops, soils, water, minerals, fish,
and wildlife. In most instances the property of these features that
is 'being ,sensed is the amount of energy that is being radiated from
them 'n each of several arts of the -electro-ma etic spectrum. The ^.	 P	 ^	 P
u [
	
specific purpose of such sensing ordinarily is to inventoryand mon-
4
	
	
itor these resources so that the resource manager will know at all
times how much of each kind of resource is present in each portion
of the area for which he has management responsibility. Given such
information he will be able to manage the resources more intelligent-
ly. If the objectives of remote sensing are to be realized, those
engaged in this field must adequately understand and intelligently
f	
apply a great many basic principles of physics.
Experience has shown that the field of remote sensing, dealing
as it does with both the conquest of space and the monitoring of re- 	 j
t
`sources and environmental conditions on 'earth, has great popular appeal.
f
	
	
The ,emphasis given in this paper to remote sensing as a demonstration
of applied physics should make it of particular interest to both the
teachers of physics and their students.'; In fact, such 'material con-
stitutes one of the better answers for physics teachers to give to
those commendably demanding students who are inclined to ask, at the
e
a
_	
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end of each classroom session, "So what?"
:`	 t Because of the fact that certain basic principles of physics need
to be applied both in the acquisition of modern-day remote sensing data
^.
and in the subsequent analysis of such data, my paper deals successively
t with
	 1	 Remote Sensi	 Platforms .; (2.) Remote Sensing Devices (	 )	 ng 	 g	 ,	 ( i.e. ,
;. the various, types of cameras and other sensors); (3) the Analysis of
Remote Sensing Data by Humans; and (4) the Analysis of Remote Sensing
Data by Machines.
4
e
REMOTE SENSING PLATFORMS
"Platforms", in the jargon of remote sensing scientists, are the
various kinds of vehicles on which remote sensing devices are mounted
for transport over the areas that are to be remotely sensed.	 There are
three main types of platforms:
	
(1) lighter-than-air craft; (2) heavier-
than-air craft; and (3) spacecraft.	 There is a marked difference in
the principles of physics that primarily govern the ability of these
types of craft to lift their remote sensors and transport them over
of the	 -air craft,the surface	 earth.	 Specifically, lighter-thansuch
as those seen in the top part of Figure 1, exploit the principle that,
in a gaseous medium (air), an object such as a balloon or dirigible
can be buoyed up if its density is less than that of the surrounding
air; (2) heavier-than-air craft, such as those seen in the middle part
of Figure 1, exploit the principle that fluids or gasses, when in rapid
f
motion (as when travelling over the curved upper surface of an airfoil
. (wing) exert less lateral pressure than when in less rapid motion (as
when -travelling over the air foil's less curved lower surface)
	 conse-
the	 eitherquently if forward motion in imparted to	 aircraft by means of
propeller blades or jet engines, the aircraft's wings will provide the
necessary lift; and (3) spacecraft, such as those seen in the bottom
_. part of Figure 1, ordinarily are wingless, and consequently exploit the
physical principles of rocketry to achieve earth orbit.
As launch time for a spacecraft approaches, its rocket engine shoots
. a jet of gas out of its tail cone.
	
Since for every action there must be
an equal and opposite` reaction (as decreed by Newton's Third Law of Motion)
the spacecraft is slowly lifted off its launching pad, exactly offsetting
7-32	 •
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the force generated by the jet of gas that is racing in the opposite
direction.	 For as long as the rocket engine continues to fire, the
rocket climbs faster and faster, its acceleration being in conform-
ity with Newton's Second Law of Motion which asserts that "the change
of motion is proportional to the motive force impressed and is made
in the direction of the straight line to which that force is imposed".
Once the fuel in the rocket engine has been consumed the spacecraft
behaves in conformity with Newton's First Law of Motion
	 in that it
continues its motion in a straight line.
	 But there is a caveat to
this law (just as there is to many another law these days) specify-
ing ". .	 .unless it is compelled to change that state by a force im-
pressed upon it."	 In this instance there is, indeed, an additional
force impressed upon the spacecraft, namely the Earth's gravitation-
al pull.
	 Consequently, even as the rocket continues to rise, be-
cause of the fact that its rocket engine is providing no more thrust
it slows down and curves in conformity with Newton's Law of Gravity
_which asserts that each particle of matter attracts every other par-
ticle with a force that is directly proportional to the product of
their masses and inversely proportional to the square of the dis-
tance between them.
At this point in the flight of the spacecraft a sort of "tug-of-
war" that has been going on ever since lift-off reaches a critical
stage.	 For if the thrust of the rocket engine has been able to ac-
celerate the spacecraft to its "escape velocity", then the craft
merely shrugs off the earth's gravitational pull and proceeds on
a flight that takes it into deep outer space.
	 Two other results
are possible, however:	 (1) If the rocket engine imparted a signif-
icantly smaller velocity, the ,spacecraft will ;soon `fall 'back to earth	 ?
under the influence of the earth's gravitational pull; and (2) If .the
'rocket engine imparted a certain intermediate velocity the spacecraft
will have an escaping tendency that is exactly offset by its tendency
to fall back to earth under the force of gravity. I£ and when that balance -
is achieved, the spacecraft begins to orbit the earth instead of either
escaping from it or falling back into it.
	 Theoretically it would be
y
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possible for the spacecraft to orbit 1.1-le earth indefinitely were it riot
for still another force acting upon it, namely the drag exerted by the
upper atmosphere..	 As a result of such drag, the velocity of the space-
craft gradually decreases and the orbit decays. 	 The more its orbit de-
cays, the denser the atmosphere that the spacecraft encounters. 	 Hence
the amount of drag becomes progressively greater.	 This "drag factor"
is, of course, in conformity with still other basic laws of physics,
namely those pertaining specifically to friction.
Since all of the components that relate to a spacecraft's motion,
including the several that we have just discussed, can be relied upon
to conform to known physleal laws, scientists and engineers who are
sufficiently knowledgeable about the physics of motion are able to de-
sign and build rocket engines and guidance systems that can be counted
on to insert a spacecraft, complete with its remote sensing payload,
i into any desired orbital path. 	 Forthdrmore, they can either keep it
there for a prolonged period of time or modify its orbit as desired
through the periodic use of small "booster" jets that remain on board
the spacecraft throughout its flight.
With respect to specific types of space platforms for use in re-
mote sensing, there are two which effectively illustrate man's ingen-
uity and accomplishment - those that are geo-synchronous and those
that are sun-synchronous.`
' Arime example of a remote sensing platform which is	 eo-s	 chronousP	 ^P	  P	 g	 yn
. is a weather satellite. 	 The daily "time-lapse" photographs that are ac-
quired by such a satellite of our nation's changing cloud-pattern are
familiar to all of us who watch television programs that cover the news
of the day, including the weather.	 A satellite of this type is called'
"geo-synchronous" because its angular velocity is the same as that of a
point on the earth's surface. 	 Consequently as the satellite circles the
earth, in equatorial orbit and from west to east at an orbital altitude
R
of about 23,000 miles, it continuously hovers over the same point (or
nearly the same point) on the surface of the earth. 	 For this reason
it is quite properly called not only "geo-synchronous".but also'"geo-
stationary".	 The capability that is made possible from such a satellite
of acquiring, from almost the same camera station; repetitive time lapse
 3	 t
photographs of the surface of the earth can be of very great practical
value in relation to various earth-mc,ditorang activities. See, for
example, Figure 2.
A prime example of a remote sensing platform which is in sun-syn-
chronous orbit is the world's first Earth Resources Technology Satellite
(originally given the appropriate acronym, ERTS, but now known as "Landsat".)
Compared with that of a geo-synchronous satellite, the orbital path of the
Landsat remote sensing platform is somewhat more complicated. Flying at
an altitude of 570 miles in a nearly polar orbit (inclined about 90 from
the polar axis) this remarkable spacecraft circles the earth every 101
minutes. As the earth rotates beneath it, the net effect of having prop-
erly programmed the orbital path of the satellite is this: every 18 days
each portion of -the earth (except portions near the two polar caps), lends
itself to being remotely sensed from exactly the same point in space and
at essentially the same time of day about 10:30 a.m. local sun time.
It is for the latter reason that the orbit is termed "sun-synchronous".'
"	 ( See, for example Figure 3) .
...	 REMOTE' SENSING DEVICES
This sections deals with the actual physical processes that are involved
in the sensing of objects at a distance through the use of cameras, line
scanners, side-looking airborne radar (SLAB) equipment and other remote
sensing devices. 	 In most instances energy that is either emitted or,re-
flected from the objects of interest is recorded by the sensors, either in
photographic form or in a form that can be readily reconstituted into a
photo-like image.	 If we are to understand the construction and operation
of these remote sensing devices we should first have an adequate appreci-
ation of the basic interactions between matter and energy that are at play
when remote sensing is being performed. 	 As previously stated, the en-
being remotely	 is	 fromergy that usually is	 sensed	 that	 one part or another
of the electromagnetic spectrum.'	 We can better understand the nature of
electromagnetic energy and how such energy can be transmitted in a wave-
like motion,` if, at the outset, we make an`analogy. 	 The analogy is between
electromagnetic waves, whose wave-like properties are difficult or impos-
sible to see directly, and ocean waves whose properties are quite easily observed.
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Anyone who has observed ocean waves surely has been impressed by
their ability to transmit energy from one part of the ocean to another.
He also will have developed the correct concepts of (l) wavelength, (the
distance from one wave crest to the next); (2) wave velocity, (the speed
{ with which the wave crests advance), and (3) wave frequency, (the number
of wave crests passing a given point in a specified period of time). If
he has observed carefully, he will have noted that the wave lengths on
I.
one day probably are not the same as on another day, and that, even on
a given day, there are not only the primary waves, but various secondary
waves also, of different wave lengths. Thus, there is a spectrum of wave
j
	
	 lengths ranging from quite short ones to very long ones, all of which are
simultaneously transmitting energy. Finally, if he has given it . the slight-
est thought, he will have recognized a simple mathematical relationship of
i
i	 the above parameters which he might express in these terms: The wave fre-
is directly proportional to * the wave velocity, U, and inverselyqu ncy,^  
proportional to the wavelength, jX, . This relationship can be expressed
by the equation: T 3- 3- where d is a constant whose value depends on
the units in which the three parameters are expressed.
All of the foregoing concepts are useful in considering characteristics
of another spectrum the electromagnetic spectrum - which classifies (accord-
I
ing to wave length or frequency) all energy that moves with the constant ve-
locity of Light in a harmonic wave pattern. ("harmonic" implies that the
L waves are equally and repetitively spaced in time.) It is this spectrum,
{
	
	 hereafter referred to as the e-m spectrum, with which we are ` primarily con-
cerned, as we consider the basin matter and energy relationships which we
wish to exploit through remote sensing. Figure 4 shows a graphical repre-
sentation of both the e-m_spectrum and several remote sensing-related fac-
tors that are assocaited with it.
Because various classes of features found on the surface of the Earth
w
reflect differing amounts of light at different wavelengths or wavelength
k
intervals, they can be separated and identified by their own characteristic
t	 reflectance patterns, or spectral "signatures". For example, as seen in
the upper left diagram of Figure 5, 'vegetation typically reflects more
{	 green light than blue or red and is very reflective (bright) in the infra-
,,
red. Many dry soils, by contrast, reflect less light in the blue and green
{
E
1
7-36
1
Fi	 th-n in the red and can vary widely in infrared reflectance depending on
(
	
	 the amount of moistjxe at -the soil su ►'face. As further indicated by Fig-
ure 5, a very dark substance such as asphalt reflects very little energy
4
	
	
'throughout the visible and near-infrared spectral regions whereas, -through-
out -these same regions, a nearly white substance such as cement reflects
large amounts.
k
	
	
In the top part of Figure 5, one sees not only the reflectance curves
actually obtained in one specific test made by the author for four such
surfaces, but also the sensitivities of typical panchromatic and infrared
z	 black-and-white sensitive films,. the transmissivities of representative
a filters and the light scattering properties of atmospheric haze particles.
-.	 f
The tabulation of predicted tone values appearing in the middle part of
Figure 5 shows a unique "tone signature" for each of these four surfaces,
based on an analysis of the curves appearing in the four diagrams at the
top of the figure. As seen in the bottom part of Figure 5, the actual
s'	 tone values obtained in this test were in complete agreement with these
predicted values.
Using the foregoing basic concepts that relate the remote sensing
process to certain basic principles of physics, we can now proceed to a
useful summary of that process. Keeping in mind that the (a) basic unit
`	 of energy throughout the electromagnetic spectrum is known as a "photon";
(b) the smallest particle of an element that can exist either alone or in
combination is an atom; and (c) the smallest' particle of a multi-atomic
substance that can retain the properties of that substance is a molecule.
1. Atomic matter and energy relationships that are involved in the remote
sensing process may be summarized as follows:
a. When an atom absorbs the energy of a colliding photon, an electron
in the atom's shell may be shifted to an orbital path of ,higher
energy level; in that event the photon ceases to exist.
b. When an atom liberates energy, an electron in the atom's shell may
e be shifted to an orbital path of lower energy level; in that event
a photon i8 generated where none existed before.
c. The number of "allowed" electron shifts, and their attendant changes
in energy, are absolutely characteristic for each atomic species;
consequently each atomic species has unique absorption and emission
spectra which can be exploited in remote sensing to provide unique
tone signatures.
.I
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2.	 molecular matter and energy relationships that are involved in the remote
sensing process may be summarized as follows:
a.- Molecules, like atoms, have definite energy states; energy changes
involving the absorption or emission of photons by molecules follow
the same basic relationships as in atoms.
b.	 Photon effects in molecules may arise from either
(1)	 electron shifts in the bonding of atoms of the molecule,
producing energy changes in the W and V;
(;2) vibrations of atoms within the molecule, producing energy
changes in the near- and middle-IR;
(3) changes in the rotational energy of the _molecule as a whole,
producing energy changes in the IR and microwave regions.
3.	 In order for a remote sensing system to operate effectively within
any specified wavelength range of the electromagnetic spectrum there
must be:
a.	 an energy source (such as the sun) which will provide photons k
having the, proper energies and 	 the	 roper wavelengths,P	 P	 g	 P
b.	 a collection of matter (such as a tree or rock) which will interact
with photons in this range;
c.	 an energy detector (such as a photographic film) which is sensitive
to photons in this range.
d.	 a propagating medium (such as the atmosphere) between detector and
target, which will transmit photons in this range, and
e.	 an energy filter (typically a glass or gelatin filter in the "Wratten"
` series) which will screen out unwanted photons to which the detector
_ is .sensitive, while transmitting the wanted ones.
4.	 When a photon of any specific energy strikes the boundary of solid
., matter, a number of interactions are possible; mass and energy are
conserved according to basic physical principles, and the energy can
either be absorbed, emitted, scattered, or reflected.
V	 ..
5.	 Absorption, emission, scattering and reflection of electromagnetic
L:
energy by any par-Ucular kind of matter are selective with regard to
!;. wavelength,, and are specific for that particular kind of matter, de-
pending primarily upon its atomic and molecular structure. 	 Therefore,-
we can, in principle, ` identify any type of feature on the surface of
nor else a void such as that existing in most of the vast expanse that sepa-
rates the sun from the earth.
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rth by comparing its multib^rtd spectral response, as obtainer ! by
remote sensing, with the known spr. ,tAral resi.onses of all of the tyde^ of
featuros that are likely to be encountered within the study area,
6.	 The atmosphere is a turbid medium whose scattering particles, for 	 {
the most part, have diameters commensurate with the length of light
x'r waves.	 Light scattering by these p<:4rticles is inversely proportional
to the fourth power of the wavelength of the light, in accordance with
¢:	 { Rayleigh's Law and as diagrammed in the upper right corner of Figure 4.
^;	 t
7.	 In addition, the 'atmosphere exhibits distinct molecular absorption bands
at various points in the electromagnetic spectrum caused by the presence
of such molecules as N2 , Q2, 03 , H2O, CO, and COQ.	 The location and
intensity of each of these bands are predictable from a knowledge of
the matter and energy relationships for each type of molecule present,
in the atmosphere.
8.	 In the photographic process, latent image formation in the silver halide
is
crystal takes place in the following distinct steps.
a.	 The crystal absorbs a photon, which raises the energy state of
an electron in the crystal.
b.	 This electron passes from the crystal to a silver sulfide "speck"
	 3
associated with the crystal.
c.	 The electron on the "speck" attracts, and unites with, a silver
cation, thus forming an atom of metallic silver.
9.	 The three-step process of latent image formation is repeated as
each additional photon is absorbed, thus causing the "speck" to grow.
During film development, reducing agents provide many additional elec-
trons to each silver halide crystal that is associated with an acti-
vated "speck", thus reducing all the silver halide in the crysta3 to
opaque metallic silver.
The "amplification" in this process (in relation to the number of
" photons' absorbed) may exceed one billion times, in photographic` films of
high sensitivity.`
Now that most of the basic principles ofphysics that govern the process
6 of remote sensing have been described, let us briefly consider the major types
1 . of cameras and other sensing devices that have been developed in order to
f exploit these principles.
	 In so doing, let` us keep in mind that our primary
,a
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interest here is in disclosing any principl es of physics (arid especially
principles in addition to those already discussed) that govern either
the construction or the operation of these devices.
There are six types of remote sensing devices which show greatest
promise for the inventory of natural resources.. These are (a) the
conventional aerial camera, (b) the panoramic camera, .(c) the multiband
came±:a, (d) the optical mechanical scanner, (e) the side-looking airborne
radar device (SLAR), and (f) thegamma ray spectrometer. 	 Let us now
briefly describe the construction and operation of these various devices
with emphasison the specific interests of the physicist.
} A.	 The Conventional Aerial Camera
The four basic components of a modern aerial, camera are the magazine,
drive mechanism, cone and lens. 	 While the first three of these often are
engineering marvels, the lens or fourth component is almost invariably
the most costly and-the most important.	 This fact alone might seem to
justify our giving here a lengthy discourse on physical optics includingJ	 Y	 g^	 ^	 ^ Y	 PAY	 	
a very practical discourse on the need for overcoming, in these camera
lenses, such problems as chromatic aberration, coma, and curvature of
field.	 But, resisting this temptation and recognizing that we already
are quite familiar with conventional cameras, let us progress quickly to
a discussion of the other five types and in so doing indicate how such
problems are either overcome or minimized by them.
B.	 The Panoramic Camera fa
The priniple on which the panoramic camera operates is indicated
diagrammatically in Figure 6.
	
With this camera it is possible to photograph
a Large area in a single exposure at very high resolution (i.e., with a- r
5
high degree of image sharpness in every part of the photograph). 	 The cam-
5
era meets a need but creates some special problems. 	 The need results from
the ,fact that it often is desirable to cover large areas with only a few
frames of photography. 	 Until recently this necessitated using wide angle
camera lenses and flying the photography from high altitudes. 	 In an effort
'to improve resolution on this high altitude photography, `a lens of long'
^ n	 s	 _a	 having	 focal lengthfocal length .sometites was u ed, but	 lens	  a.ng both. a long	 1	
!
j
and a wide angus_r^ r field suffers from several types of aberration, especially
d near the perimeter of the field, so that high resolution photographs usually`
z`
cannot be obtained with it after all.	 Consequently, for years it seemed
4 ,.
di
paradoxical 'to require both (l) high rrsolution that could only be provided
by a lens having a harrow angular field and a long focal length and (2)
wide swath coverage (maximum area coverage per frame), that could only be
'	 provided by a lens having a wide angular field and a short focal Length.'
01	 For many purposes, however, this problem has been adequately solved by apanoramic camera which does indeed have a long focal length, and which
provides high definition within a narrow angular field. The narrow angular
field of the lens is still further restricted in the panoramic camera by a
narrow slit in an opaque partition near the focal, plane of the camera. The
slit is parallel to the camera platform's line of flight. With such a slit,
however, one would be able -to photograph only a narrow swath of terrain unless
the optical train of the camera were to be equipped to "pan" (move from
i".	 side to side) as the aircraft advances. The optical train of the panoramic
f	 camera is designed to make such movements, as diagrammed in Figure 6.
For the panoramic camera to maintain a, uniformly clear focus asthe
optical train moves, the frame of film being exposed must be held in the
form of an are instead of being kept flat, as in a conventional camera.
With the film in an arc the photographic scale becomes progressively smal-
ler as the distance of objects on the ground increases to the left and
right of the flight path. In some applications the scale problems out-
weigh the advantage of a panoramic field of ',view, so that it is preferable
to use a conventional camera. There are many image analysts, however,
Ain
who are beginning to make very effective use of the panoramic camerri to
obtain with only a limited number of flight lines, ultra high resolution
imagery of very wide swaths of terrain.
k C. The_Multiband Camera
Earlier in this discussion, we emphasized the value of our knowing
the multiband spectral response for each type of 'feature that we wished
R
to identify and, in Figure 2, we gave one practical example of this con-
.'	 cept. Numerous other investigations also have shown that far more infor-
mation can be obtainedfrom a study of remote sensing images taken simul
€	 taneously in each of several'wavelenbth bands than is obtainable from
those taken in any one band (Colwell, 1961). Realization of this fact
has led to the development of a concept known as "multlband spectral
t
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reconnaissance" and also to the deve' opiient of various multiband cameras
for the taking of simultaneous photographs in each of several spectral
bands (See, for example, Figure 7). By proper choice of photographic
film (in terms of its spectral sensitivity) and filter (in terms of its
spectral transmissivity) the _limits of each spectral zone within which re-
mote sensing is to be accomplished can be controlled, as necessary, to
obtain the maximum amount of the desired information from that zone.
Through the use of such equipment, much more information regarding
certain objects and conditions, within a natural resource area for
example, can be obtained from the composite "tone signature" (i.e.,
.
	
	 from a study of tonal values on several of these frames) than from a
study of tonal values on any one of them,.
D. The Optical Mechanical Scanner
In an optical mechanical scanning system, such as that shown in Fig-
ure 8, the "collecting optics" is in the form of a mirror, or series of
mirrors, rather than a lens. When multiband reconnaissance must include
sensing in the thermal infrared region the optical mechanical scanner can
provide photo-like images, whereas cameras of the types previously described
cannot.
There are at least two reasons why reflective optics rather than re-
fractive optics are used in an optical mechanical scanner, both related
to problems of sensing in the thermal infrared part of the spectrum:
	 yl
;.	 1. Relatively few materials can instantaneously transmit
energy in any part of the thermal infrared region, and
even fewer over the very wide range of wavelengths for 	 j
which thermal infrared scanning is desired; and
2. Refracting lens systems are unable to sharply focus, in
a single focal plane, all radiant energy from a wide spec 	
_
teal band (i.e., one that encompasses a very wide wave-
length-range, such as the thermal infrared). Both dif-
ficulties are overcome through the use of first-surface
mirrors as reflecting optics.
a	 An additonal problem prevents the obtaining of thermal infrared
{	 imagery with a camera of conventional design. This problem pertains to
i
the recording of images in a photo-like form. Thermal infrared sensitive
	 !
materials can be produced that are similar to the light-sensitive silver
F
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ht, I .des of a photographic film. 	 Howovor, if such materials are made t.o
respond at ambient ( environmental) tciiil>( 	 es, how can they be kept
from becoming fogged by heat due to gradual exposure, even as they repose,
ready for use, inside the infrared camera?	 Obviously, even the interior
of such a camera (the portion facing the film) is continuously emitting
thermal energy. 	 Therefore, just as the conventional camera must be a
light- tight box"- if it is to prevent light-sensitive film from fogging,
so a thermal infrared camera would have to be a "heat-tight box" if it
were to prevent heat sensitive film from fogging. 	 In fact, the box would
have to be cooled to a temperature approaching absolute zero. 	 Although
low temperature	 the	 andthe required	 could be achieved,	 weight	 volume re-
quirements for the cooling equipment which would maintain this low temp-
erature for such a sizable structure would prohibit its use in most air-
craft or spacecraft. 	 Furthermore, at such a low temperature additional
problems-would be entailed because of brittleness of both the film and
certain of the camera components.
The solution which modern science has devised for the problem just
described is the optical mechanical scanner diagrammed in Figure 8.	 This
device consists essentially of three parts:
	 (1) the energy collector or
scanning mechanism, (2) the detecting mechanism and (3) the recorder. 
The designof the energy collector ` reflects the fact that no satis-
^- factory	 yet been found (when working with thermal .infrared	 means has as
wavelengths) for simultaneously imaging separate elements in a wide angular
field, the way a conventional camera does.
	
Instead, it is necessary to
focus on one small element at a times and the size of this small "instant-
aneous field of view" determines the pictorial resolution.
All of the photons collected by the scanner within its instantaneous
r
' field of view are focused on the detector.
	 There they generate an elec-
trical. charge.' 	 Ordinarily the actual detecting element is nothing more
than the tip of an electric wire onto which somethermally sensitive
"ft material (e.g., copper-doped germanium) has been attached. 	 Hence it is
only this small element that needs to be cooled, (e.g.	 by jacketing it
in a small Dewer flask as indicated in Figure 8).	 Because sensing is
being accomplished in the thermal infrared region, the greater the thermal
energy being emitted within the instantaneous field of view the greater
-the .charge or signal that is generated (i.e., the greater the surge of
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electrons, escaping from the detector aiid travelling along the electric
wire).	 This signal is then used to modulate a visible light source such
as one "instantaneous element" of a cathode ray tube.	 The output signal
j is made to scan -the cathode ray tube in the.same pattern as the collecting
optics scanned the scene beneath the aircraft. 	 The mirror of the collecting
optics rotates on an axis that is parallel to the flight line and thus
scans a line that is lateral to the flight line. 	 The mirror looks at
only one small portion of the terrain at any given instant, and the beam
y`
collected illuminates only a correspondingly small spot on the cathode
ray tube and on the photographic film placed in front of the tube (Figure.
rf
8) at the same instant.	 The rotating mirror, aided by other elements
of the optical train, thus images a swath of terrain across the film.
By the time one swath has been painted on the film two events have
occurred;	 (1) the reconnaissance vehicle ("platform") has advanced
4
sufficiently so that one of a series of companion mirrors mounted in other
positions on the same rotating shaft begins to look at the next continuous
swath of terrain, and (2) the roll of photographic film in the camera
that faces the cathode ray tube has advanced sufficiently in its focal plane
i so that this next swath is paintedon the film in proper ,juxtaposition
to the first swath.
	
The density of each portion of the ,exposed film is
in direct proportion to the strength of the infrared signal coming from
the corresponding terrain.	 Hence, as the aircraft advances the film ad-
vances and a continuous photo-like image (thermogram) is formed.
E.	 The Side-Looking Airborne Radar Device (SLAR)
Because of its all-weather, day-and-night capability, and its partial
ability even to penetrate the vegetation canopy and sense the terrain
beneath, radar equipment is of great interest to those who seek to in-
ventory natural resources by means of remote sensing. 	 However, radar
devices operate at much longer wavelengths than any of the equipment
previously described.	 Consequently, difficulties arise in acquiring
high resolution imagery with such devices because, as with any diffraction-
limited system, the longer the wavelength the poorer the resolution.
^f Tremendous improvements have been made recently, however, in the
f quality of radar imagery through the development of a form of ,SCAR ,equip-
i ment which,, as described below, cleverly exploits several basic principles
s
k	
i
4
7-44
_	
i
5
F
of physics that are in addition to aT,",' that we have previously (liscuosed.
A transmitting antenna in the reconnaissance aircraft $ends out a
short pulse of microwave energy to one side of the aircraft and thus il-
-the roughly circular lobe (See for example the lobe on whichluminates
points A and B have been annotated in Figure 9). This lobe corresponds
to the instantaneous field of view in a "diffraction limited" radar system.
A receiving antenna mounted in the same aircraft collects energy
reflected back from the illuminated terrain. The greater the distance
from aircraft to target, the greater the time delay in return of the
reflected signal. Through accurate measurement of the time delay, it is
possible for this equipment to differentiate returns from various small
concentric "rings". Each ring represents the locus of all -points within
the illuminated circle that are roughly equidistant from the aircraft..
Within any ring there is a spot, just opposite the aircraft, that moves
along at the same speed as the aircraft. At any given time the distance
from the aircraft to all other points on the ring is either increasing
or decreasing. Consequently, through the Doppler effect, the microwave
energy reflected back to the aircraft from such points is of a different
frequency than that which had been transmitted to them by the radar pulse.
ri	 The radar receiver is designed to accept those wavelengths which are of
approximately the same frequency as the initial pulse, but to reject
those of significantly different frequencies.
Ll
	
	 Because of the two discriminating features just described, the only
energy accepted by the radar receiver at any given instant is that which
satisfies two conditions: (1) it is in the narrow ring within which time
delay is such that the energy is at that instant striking the receiving
antenna and (2) it is in that particular part of this ring which is di-
rectly opposite the aircraft (the area having !^ero relative velocity with
respect to the aircraft and therefore exhibiting no Dop pler frequency shift).
J	
1 
The combination of these factors effectively provides a "sensing capability"
that greatly improves the spatial resolution of the system.
In order to record this accepted energy in photo-like form, two other
radar components are used: a cathode ray tube and a roll of photographic
film. The strength,of the signal determines the brightness of a dot. The
rX .7 A
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position of this spot on the cathode ray tube changes synchronously with
the antenna scan. Thus, for any given scan line, the signal that first
returns is that from the iYuier edge of the illuminated area and is imaged
at the bottom of the cathode ray tube. As time goes on, the return signals
come from farther and farther away and are directed farther and farther up
the scan line on the cathode ray tube. At the time the signal is returning
from the farthest point illuminated, the spot on the tube has moved all the
way from the bottom to the top. Photographic film which (as in the optical
mechanical scanner) is in juxtaposition to the tube is exposed by this
means one line at a time. B the time the next pulse is transmitted the
r
By
	 P	 ,
film has advanced slightly and so has the aircraft,. The density of each
portion of the exposed film is in proportion to the brightness of radar
signals coming from the corresponding spot on the terrain. As the aircraft
advances, the film advances and thus a continuous photo -like .record of
the terrain is produced.
F. The Gamma Ray Spectrometer
This device is designed to exploit the fact that many minerals sought
by the geologic prospector emit gamma rays because they are either naturally
radioactive or are chemically combined with components which, in turn, are
radioactive. When airborne, this device measures incoming gamma radiation
I p.L,imarily from that portion of the earth's surface that is beneath the
flight path of the aircraft. It can measure both the total gamma ray output
_	 and the spectral output of gamma rays in as many as 400 channels or spectral
bands, each of which may contribute to the identifying signature of some
radioactive substance. The energy of each gamma ray given up within the
detector provides a proportional electrical pulse which is sorted out by
a multichannel analyzer to provide radiation spectra.
BASIC PRINCIPLES OF PHYSICS THAT ARE APPLIED IN THE
ANALYSIS OF REMOTE SENSING IMAGERY BY HUMANS
This phase of our discussion is facilitated by our first defining the
term "image analysis", which is a recent successor to the term "photographic
f	 interpretation." Image analysis is the act of examining images for the pur-
1	 pose of identifying objects and judging their significance.
The act of examining images is greatly facilitated if the analyst is
provided with good imagery. Two ways of improving ,image _quality are (a) by
i
{ improvinr (.he "sigivil-to-noise r-il.,io", 	 ind (b) by presenting images to
the ani1^,t in full color, rather than in monochromatic shade^ of grey.-
One way of improving the-signal-to-noise::ratio- a way which in itself.
exploits several fundamental principles of physics - entails the construe-
! tion oC a single composite photograph from several seemingly identical
.r
photographs.
	
The remote sensing device that is commonly used in obtaining
the several photographs consists of a "gang" of eight cameras, all of .
which are operated simultaneously at the time when the aerial or space
photographs are being taken.	 A-11 eight cameras are contained in a single
camera mount and suitably bore-sighted.	 Each is equipped with a good lens
- and also each uses the same kind of high resolution photographic film and
the same type of filter as are employed in the other seven cameras.
The filter usually is of the "minus blue" type, and thereby eliminates
most of the troublesome scattering of light by atmospheric haze that
I
f would tend to cause image blur. 	 It is-at this point that we find ourselves 	 F
i indebted to yet another physicist, Rayleigh, for establishing that the
Eli scattering of light by atmospheric haze particles is inversely proportional
to the fourth power of the wavelength of the light. 	 Consequently by our
using a minus blue filter to eliminate the shortest wavelengths to which
J most films- are sensitive we often are able to improve the sharpness of
images (of features on the surface of the earth) quite dramatically.
By our using the equipment, techniques, and principles that have ,just
been described, we might expect all eight images to be identical, and so
:•; they appear to be when examined only superficially.
	
But in each of the
eight images various "noise" problems (e.g., those due to lens aberrations
or film graininess) tend to be randomly located throughout the negative,
while the real signal (e.g, the image of some feature of interest),tends
-to be uniformly located.	 Hence a device known as a "multiple image cor-
relator"-has been cleverly devised by our physicist friends. 	 This instru-
ment has eight film holders, one for each photographic negative (or a pos-
itive transparency made from it).	 The optical trains leading from these
holders are such that all images are presented si.mul'j-aneously and in proper
` register on a viewing screen.	 Physicists tell us that they can quantitatively
i express the improvemen'-in image quality (sharpness) that such equipment is
likely to provide to the 'image analyst.
	
Specifically, if "n" is the number
S of such images that are optically combined by the multiple image correlator
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" the image quality (sharpness)-  is likrl', -to -be imNrCved by an amount equal
to the square root of n.	 Thus, since the correlator employs eight images'
one might expect (and in actual practice does, indeed, enjoy) nearly a
' threefold improvement in image quality.
Physicists also have explained to us the advantages of presenting
.,
images to the analyst in full color, rather than in monochromatic shades
of grey.	 They have demonstrated that, even under the most favorable con-
ditions, the average image analyst can perceive no more than about 200
shades of grey on black-and-white photography, whereas he can perceive
more than 200,000 different combinations of hue, 	 and chroma on color
photography.	 In some instances the desired improvement is accomplished to
a significant extent through the use of color film, rather 'than black-and-
whitefilm, at the time of photography.
	
But in order to exploit this prin-
ciple much more fully, physicists havedevised and built various-closed
circuit color
	
television systems which are capable of both "density slicing"
and "color coding" when applied to aphotograph.
	
icall
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resolution black-and-white photograph is presented to the television camera.
Then, by appropriate manipulation of control knobs, the instrument operator
can select for enhancement any desired "density slice" (small range of
densities on the original photograph).	 Through further manipulation of the
-controls, the image analyst finds that subtle differences in tone that were
not perceptible on the original photographcan be electronically "stretched
{ out" to occupy the full	 grey scale range and thus be made readily discernible.
By further manipulation of the controls he then assigns to the color monitor
I (TV screen) a unique color for each shade of grey that is exhibited on this
density-sliced and density-stretched image. 	 Experience has shown that
the image analyst, when given a few "ground truth" examples for calibration
purposes, i.e., examples that tell him the identity of selected, features on
{ the imagery, can relate each color coded image to the corresponding ground
feature andthereupon complete his interpretation of the er irG scene with
remarkable ease and accuracy.
As we complete this brief discourse on the examining of images we find
l ourselves once again indebted to physicists for demonstrating to us that our
4 task can be made much more productive merely through proper adjustment of
the overall intensity of lighting.	 A person's binocular visual acuity varies I
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awith the pupillary diameter of each vo . This in turn will vary, of course,
with the overall lighting intensity or the scene that is being viewed. For
most image analysts, -the maximum visual acuity is reached when the overall
lighting is such as to cause the pupillary diameters of the 'two eyes to be
approximately 4.0 mm
BASIC PRINCIPLES OF PHYSICS THAT ARE APPLIED IN
THE ANALYSIS OF REMOTE SENSING DATA BY MACHINES
j'
As implied in the previous section a large number of identifying char
'	 acteristics can by employed when the image 'analyst is a human rather thana
a machine. The human brain is able to integrate such diverse clues as are
i provided by the size, shape,- tone, texture and topographic site of a feature
that is to be identified, as well as those provided by its association with
other features. When, however, the image analyst is _a machine (i.e., a com-
puter), only one of these characteristics, (tone or brightness) has thus far
been found to be useful, simply because it is the only one that is readily
f	
and meaningfully quantifiable. Even when this characteristic alone is
!*
	
	 relied upon, complications usually arise because of problems in variability.
To the physicist it might at first seem that this would be a negligible prob-
lem in light of our having emphasized in a previous section that those fac
tors governing the tone or brightness of a feature (absorption, emission,
"scattering and reflectance) . are selective with regard to wavelength and
'
	
	 specific for each kind of matter, depending upon its atomic and molecular
structure. But we must be careful about using the terms "feature" and
"matter" interchangeably. The fact is that virtually every feature that we
wish to identify is composed of somewhat variable aggregations of matter
and hence has variable atomic and molecular composition. Thus for example
1	 if we wish, as in a typical instance involving the remote sensing of natural
resources, to identify all of the ponderosa pine trees, or sandy loam soils,
u
	
	
I
or polluted water bodies, or rust-infested wheat fields, we find that each
of these features exhibits some variability in its aggregations of matter
(
	
	
and consequently some variability in its spectral response to radiant energy.
	 3
Therefore its tone signature, as imaged by remote sensing devices r tends
!..	 to be somewhat variable .
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Much of the research that currently is being done in remote sensing
seeks to find those parts of the electromagnetic spectrum within which (a)
t y is minimal for any given type of feature that is to bethis variabilit
identified, and (b) at the same time the feature's spectral response is
unique.	 A detailed account of one such effort appears in the previously
mentioned article on basic matter and energy relationships (Colwell, et.
al.,
	 1963)
Given a better understanding of the basic principles of physics that
have been discussed in this paper, remote sensing scientists might eventually
develop a highly automatic system, in which an unmanned satellite orbiting
4 the earth would carry multiband sensing equipment together with a highly
r specialized system of computers. 	 Thus equipped the satellite couldr for
j any particular area, take inventory of the resources and produce a printout
r
that would amount to a resource map of the area. 	 The computer could then
use the inventory data in conjunction with preprogrammed factors (,such as what
ratio of costs to benefits would be likely to result from various resource
} management practices) and could reach a decision for the optimum management y
of the resources in the area.	 The decision would be telemetered to the
ground for whatever action seemed necessary.
` As a simple example, the satellite's sensors might spot a fire in a
large forest.	 Its computer might then derive information on the location
and extent of the fire and could assess such factors as the type and value
c of the timber, the direction and speed of the wind and the means of access
to the fire.	 On the basis of the assessment the computer would send toM1
•
the ground a recommendation for combatt in g the fire (See F igure 
10).Capabilities of this kind need not be limited to emergencies. 	 Many
routine housekeeping chores now done manually by the resource manager could
be made automatic by electronic command signals. 	 As further suggested in
Figure 1O, _examples might include turning on an irrigation valve when remote
k sensing shows that a field is becoming too dry and turning off the valve
when, a few orbits later, the satellite ascertains that the field has been
sufficiently watered.
I A satellite of such capabilities may seem now to be a far distant pros-
pect.	 "After a few more years of developing the techniques for remote sens,-
i ing the prospect may well have become a reality.
YI.
.	
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i€	 DO IT YOURSELF REMOTE SEN8114G. FOR THE PHYSICIST
As we conclude this discourse, let us abruptly turn from some of the
'	 most sophisticated applications of physics( as just discussed) to some of Vie
G	 more mundane applications that are well within the reach of all of us.
It often has been the author's experience that both the teachers of
L
	
	
physics and their students, on learning of the modern day marvels of
remote sensing, have indicated to him that they would wielcome the oppor-
tunity of becoming personally involved in some remote sensing-related ac-
tivity, perhaps as a hobby. Too often, however, they have dismissed the
r'4	 idea on the assumption that only those with large financial resources and
an abundance of time could enter into this field. This is by to ,means a
-r
valid assumption. To the contrary, the ingenuity of the physicist can
dead to quite inexpensive and useful endeavors in all 4 of the aspects
r-.	 dealt with in this paper, viz, those dealing with remote sensing platforms,
remote sensing devices, the analysis of remote sensing imagery by humans
and the analysis of remote sensing data by machines. All four fields of
-
activity are i llustrated in the following example.
A remote sensing enthusiast with adequate understanding of the basic
principles of physics found it quite easy to construct the "drone" or
"remotely piloted" photographic aircraft that appears in Figure 11 (Shep-
pard, 1976, 1977,), In so doing he used a modified Telemaster model air-
plane kit which cost him less -than $90. He then equipped it with a
single cylinder, naptha burning, one horsepower engine at a cost of $80.
As indicated by the right photo of Figure 11, he found that this platform,
while being remotely controlled, could transport a very useful remote sens-
ing payload. For example, either a 35 mm aerial camera or a uranium
prospector's scintillometer could be flown by this aircraft on a low
altitude reconnaissance mission at a cruising; speed of 60 mph and with
V'	 an endurance of more than 1 hour, provided that the weight of the payload
did not exceed 10 pounds, including the radio receiver and a servo unit
Although the wings of this particular aircraft have a span of 8 feet, they
t	 are hinged in the middle and, like the tail assembly, are readily detach-
able, leaving the 5-foot fuselage as the largest single piece arnd thereby
t facilitating transport by automobile. Consequently he was ante to drive
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'F..; with this equipment from one place to another, in each instance selecting
a suitable vantage point near the area that he wished to photograph so
that, from that `spot, he could not only launch the aircraft but also main-
' Lain line-of-sight communication with it and control it. 	 He found that,
upon arriving at any such vantage point, he could reassemble the aircraft WE
and have it ready for flight in less than 5 minutes. 	 Furthermore, he
could control its flight path well enough to cause it to navigate to a
. distance of two miles or more (so long as he could still see it) prescribed
flight lines, all the while acquiring low altitude vertical aerial photo-
I graphs with the proper overlap for stereoscopic viewing."
As illustrated by Figures 12 through 19, a good many uses already'
are being made of aerial photographs of the types that can be readily
e
and economically
	
Yobtained from a remotely piloted vehicle.	 Some of these
y
photos (Figure 12, e. g.) represent little more than the product of a suc-
cessfully pursued hobby._ Many of them, however, e.g. Figures 13-19, can
find very practical application as 'aids to the inventory and management
of natural resources..	 This is true, for example, when they are used as
elements in a multistage sampling scheme, i.e. a scheme^in which aerial
photos of progressively larger scales are obtained of sub-sample areas-
which are progressively smaller in size (Langley, 1971; Colwell, 1975).
Still others are of value when, perhaps in addition to the above, they'
,..
are so taken as to provide multiband photography (Figure 13) or multi-
station photography (Figure 18 );'
Most of the resulting aerial photographs would normally be subjected
to analysis by humans and for this reason rather complete captions have
r,
been written to accompany Figures 12 through 19, the better to indicate
the nature and meaningfulness of these analyses. 	 In this regard the
physics hobbyist should know that most	 the image analyses areof	 per-
formed while studying a pair of overlapping 	 hoto ra hs 3-dimensionally.
This ordinarily would entail viewing them through a rather expensive
piece of viewing equipment known as a stereoscope. 	 Since suitable over-
r^.
lapping photos can readily be obtained from the piloted aircraft, many
an innovative physicist has risen to the challenge of building his own
stereoscope, quite inexpensively and in the following manner: 	 (1) from
x
the local department store, two small (e.g. 2-inch diameter) monocular
r,
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lenses are purchased. The lenses should be reasonably well matched in terms
of their focal lengths and -the degree of magnification which they provide,
which preferably should be in the 3X to 4X range. (2) From a piece of
stiff cardboard, a binocular spectacle-like frame is carved such that,
Ll
	
	 when the 2 lenses are placed within it, their optical axes will be essen-
tially parallel and roughly 2j inches apart (corresponding to the human
interpupillary distance) (3) A ringstand and its clamp, of the type
found in almost any physics laboratory, are temporarily put into use at
the time when the photographs are to be viewed stereoscopically. This
equipment is used to hold the home-made stereoscope lenses and frame in
place at the proper distance (in view of the focal length of the lenses)
above a laboratory table on which the photos can be viewed while the ob-
server is looking vertically downward through the lenses.
If any interested reader cares to follow this simple and inexpensive
procedure he most certainly will be re`warded.when using his resulting
stereoscope to view overlapping photos such as those appearing in Figure
19. On so doing he will realize,, perhaps for the first time, how tre-
mendous is the increase in information that he can derive from the photo-
graphs by virtue of the 3-dimensional image which he perceives through the
stereoscope.
The innovative physicist also will realize that aerial photographs
taken from a remotely piloted aircraft can be easily and economically sub-
jected to machine analysis. Since the emphasis in this "do-it-yourself"
section of my paper is on the use of simple, inexpensive equipment and
techniques, suffice it to say that only the following ingredients are
necessary when performing a machine-assisted analysis o£,
	
	
	 	
^photos uch asy	 p
those appearing in Figures 12-19: (1) a simple, laboratory-made micro-
ik	 densitometer of suitably small "spot size" (e.g. 0.01 inch) for use
in scanning a photograph, line-by-line-and element-by-element; (2) a
i
device for recording these density values in digital form and in proper
sequence (e.g. on a magnetic tape); and (3)'a simple computer which can
be programmed to provide a map-like computer paper "print-out" of these
various resourca features, based on a machine analysis of the digital
records_cf their reviously-calibrates. tone vE^lues. l Fi pure 19"". As
i with examples of the human analysis of remote sensing imagery (e.g.,
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'Figures 12-18) so -this computer-assisted analysis can find important prac -
tical applications. I 1	
0
SUMMARY AND CONCLUSION
^.
In this paper an attempt has-been made to describe various ways in
which the basiti principles ofphysics are finding practical application in
s
^	 I
the fast-growing field of remote sensing. 	 The paper does not purport to
`	 disclose any hitherto unknown principles of physics. 	 It is believed that
I	 the material which it covers should nevertheless be of interest to phys-
icists in general and especially to physics teachers because it deals with
I
'
i	 an unusually intriguing field. 	 Further, it is a field which, in its marry
I
ramifications, exploits the latest state-of-the-art applications of -
physics in highly beneficial ways.
Under four _major headings consideration is given in this article to
a the basic principles of physics that are'applied, respectively, in (1)
1
remote sensing platforms, (2) remote sensing devices, (3) the analysis
of remote sensing imagery by humans, and (4) the analysis of remote sens-
ing data by machines.	 It is apparent that progress in each of these
four areas, whether past, present or future can properly be considered
as depending primarily on our understanding of the basic matter and energy
relationships (i.e., the basic principles of physics) that are involved.
In a concluding section of this paper, consideration is given to
the very attractive possibilities for physicists to engage in meaningful
and economical remote sensing endeavors on a "do-it-yourself" basis.
It is apparent, even from the limited information presented in this
paper that most of the progress in the field of remote sensing has occurred
in the two decades that have elapsed since the dawning of the space age.
Such progress, like that in most other aspects of this country's space
t
I program, would not have occurred without the dedication and brilliance of
fa large number of physicists.
There are ,hose who have severely criticized the fact that the talents
of so many competent physicists have been funnelled into this 'marrow"
field of activity.	 They speculate on the greater amount of good that might
have resulted had this massive amount of talent been devoted to various
other projects, each having a more worthy objective than that of "satisfying
t I	
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America's ego by beating the ';tussa ani^ to the moon. 	 On the presumption,
i U that them; was no other motivation of consequence for our vigorously pursued
spage program, they dismiss as being "trivial by-products" or 11einu-offs" Uhe
t
	
	
.remarkable developments that the Space Age has brought about in numerous
other fields, such as remote sensing.
In contrast with these critics are strong proponents of this country's
i space program of the past two decades, including a major component of it -
G	 the remote sensing program. They claim that this program han constituted
a prime example of science at its best. They applaud the fact that so many
;' E=	 competent physicists and other scientists have been "diverted" into -this
k:
	
	 country's massive, peace-oriented effort to explore space and photograph
the Earth. When they reflect upon the achievements made possible through
this collective endeavor they obviously experience the same exhiliration
that was experienced some 23 centuries ago by the great scientist and phil-
osopher, Aristotle, which prompted him to exclaim"
"The search for truth is in one way difficult and in another easy. For
4i=
	
	 no one can master it fully, nor escape it wholly. But each, through his
own efforts, adds a bit of information, and from the mass of knowledge
thus assembled there arises a certain grandeur."
It is probable that, in the years to come, there will be a reconcili-
ation of these two widely divergent views regarding the merits of our nation's
space program in general, and of its remote sensing program in particular.
If so, it will almost certainly come about as a result of an increased ap-
preciation of the benefits being realized by all ofmankind e.g, benefits re
i
sulting from wiser management of the earth's natural resources and better
preservation of man's environment, made possible because of the availability
i
of more accurate and more timely information about them - benefits that would
never have come about had not a host of highly competent and dedicated phys-
icists applied their collective talents in helping to develop the multi
faceted field ofremote sensing.
4
4
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Figure 1. Representative types of remote sensing platforms:
Top: Lighter-than-air craft; Middle: Heavier-than-air craft; Bottom: spacecraft.
See the accompanying text for d scussion of certain principles of physics
that are involved in the flight of these dramatically different types of vehicles.
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:igure 2. These two spa.: piiotos were taker of California and its environs from a geo-synchronous
satellite (NOAH-5) from an altitude of more than 23,000 miles. Note from a comparative study
of these photos that the snowpack in the Sierra Nevada Mountains was much greater on
April 28, 1975 (left photo) than on April 19, 1977 (right photo), foreboding what proved
to be "the worst drought in California history", which occurred in the summer of 1977.
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Figure S. These four Landsat space photos show the 1'iood waters receding
from an agricultural area in the Great Central Valley of California.
All four photos were obtained from Band 7 (a near-infrared-sensitive
band) of the multispectral scanner. Top left: Negative rendition
of the image acquired on July 26, 1977. Top right: The same area
as photographed by Landsat 36 days later. Bottom left:. A positive
rendition made from the negative image that appears in the top right
illustration. This rendition was made so that it could be super-
imposed over the negative transparency made from the top left illus-
tration, thereby facilitating "change detection." Bottom right:
The composite image resulting from this superimposing of images.
Note that the light-toned areas indicate the areas from which
flood waters have receded during the interim.
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Figure 4. Shown here are many characteristics of the electromagnetic spectrum that serve to
relate the basic principles of physics to the practical applications of remote
sensing, as discussed in the text. (From Colwell, et. al., 1963).
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Figure 5. An example of the use of certain basic principles of physics
in correctly predicting the 2-band "photographic tone signature"
of various features, as discussed in the text.
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Figure 6. The Panoramic Camera, as diagrammed here, was developed to
provide sharp aerial photographs of large scale. Since the
camera must have a long focal length it must also have a nar -
row angular field to ensure that lens aberrations will be min-
imal. As a result it requires a scanning mechanism that moves
the lens barrel to left and right. At any instant during the
course of a scan only light passing through a narrow slit
falls on the film.
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Figure 7. This is one of many different multiband camera models. It
has nine lenses and nine film-filter combinations, each de-
signed to function best in one part of the spectrum. Such a
camera permits more positive identifications to be made of
certain natural resources from their multiband "tone signatures".
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Figure 10. This futuristic diagram shows the ultimate possiblities for exploiting basic principles
:^'	 of physics in remote sensing activities that are designed to facilitate the inventory and
management of earth resources. It would sense such resources simultaneously in several
FY
U wave bands, automatically identify them by means of an "inventory computer", weigh them
against previously programmed data on the cost effectiveness of various management
possibilities,and send to the ground a decision on what should be done. It also might
be used to monitor developing situations, such as a forest fire, suggesting how ground
crews might fight it, and to perform automatically such tasks as turning irrigation valves
on and off as required.
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Figure 11. These two photos show a remotely piloted photographic aircraft
that was built from a modified Telemaster model airplane kit
by a remote sensing enthusiast who had an adequate understanding
of the basic principles of physics. (Sheppard, 1976, 1977).
For examples of the uses that can be made of aerial photographs
taken from this type of "platform", see Figures 12-19.
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Figure lam. For a physicist whose hobby it is to build •, ., ,mall model airplane
and equip it with a camera (as in Figure 11) the taking of
remotely-piloted near-vertical aerial photos such as this one
of the community swimming pool can only be categorized as "fun".
As a caution, however, against hazards that might result from
mechanical failure of the aircraft, he usually would be well
advised, as in this instance, not to fly the drone aircraft
directly over a populous area.
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Figure 13. As illustrated by these examples, ordinarily there should be
little difficulty in using a small remotely-piloted aircraft
to photograph rangelands, pasturelands, and the livestock
which they support. Photos 1 and 2 of this figure were taken
within a few minutes of each other, but with panchromatic and
	
1	 infrared-sensitive films, respectively. The light toned areas
in the rangelands of photo No. 1 are those in which hay has
been strewn from a wagon as supplemental feed for cattle. Note
that it would be much more difficult and perhaps impossible to
determine on the matching infrared photo (No. 2) that an ade-
quate supply of supplemental feed was still present in the
area. Photos -3 and 4 also were taken with panchromatic and
infrared'-sensitive films, respectively, showing many types
of livestock, most of which were tethered to posts to facili-
tate image comparisons in this simple photo interpretation
experiment. Note that, in this `instance, the infrared photo-
graph is superior for differentiating breeds of beef cattle
Y '!
	
	 as seen, for example, by comparing the "hereford" at B with
the "hereford angus cross" at A. Also shown in these two
	
"A	 matching photographs are pigs and sheep (top left), goats
(top right), thoroughbred horses and quarter horses (top cen-
	
`	 ter),da:iry and beef cattle (middle and bottom center),' and a
jack-ass (bottom left). From 4-diameter enlargementsof
selected portions of this "target array" (as seen in Photo
pairs 5AB through 8AB) the potential value of shadows as an
	
r	 aid to livestock identification can be seen. In the left
photo of each such pair, the main axis of the animal is more
nearly perpendicular to the sun's rays than in the right photo
with the result that shadow details are of greater diagnostic
value. Photo pairs 5,-6, 7 and'8 show image examples, respec-
tively, of thoroughbred horses, quarter horses, colts and
jack-asses.
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Figure 14. The objective of this large scale, low altitude photograph was
to count the number of waterfowl (ducks) in a representative
portion of their wintering grounds. This was done as part of
a year-to-year program for the monitoring of this important
resource. A small and relatively quiet drone aircraft can be
remotely piloted over such an area so that aerial photographs
can be taken without startling the birds. In contrast, by the
time a large and much noisier piloted aircraft is making its
low-altitude pass over the area it is quite common for the
birds already to have been startled by it and to have taken flight.
Consequently accurate bird counts are difficult to impossible
to make on the resulting photographs.
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4	 Figure IS.	 On a very large scale, low-altitude, vertical aerial photo-
,a
	
	 graph (such as the one on the left, taken of a narrow valley
bottom in Hawaii) there is sufficient detail to identify
' Al
	
species of vegetation from their leaf characteristics and/or
branching habits. In this instance it is possible to see
.,	 and identify individual papaya trees, including those en -
circled at A, and to differentiate them from banana trees
such as the one circled at B. In many instances, including
this one, important natural resources are found in box
canyons or other tightly confining topography. Such areas
are much more easily and safely photographed at low alti
tude by a small, highly-maneuverable remotely-piloted air -
craft than by a'conventional aircraft. On the low altitude
vertical photo at top right, the lighter toned portions of
of the barley fields are seen to be heavily infested with
weeds, in this case mustard plants"(Brassica nigra). Al-
though the bottom right photo was taken from ground level
of the same field and on the same date, there is much less
information on that "farmer's eye view" than in the match
	
{	 ing "bird's eye view" immediately above it. Hence this
example suggests that the farmer might well be a potential
	
'	 user of low altitude vertical aerial photographs of the type
r that could be economically and safely flown of his fields
with a camera-equipped, remotely-piloted aircraft of the
type shown in Figure 11. All of the photos shown in this
figure, as in many others of this series, are enlarged from
3S mm photography.
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Figure 16.	 Low altitude vertical photographs of forest lands and rangelands
are shown in the top and bottom photos, respectively, of this figure.
In the top left photo, taken in California's Sierra Nevada Mountains,
one can readily differentiate most of the fir trees with their conical
tops (note their shadows) from sugar pine trees with their somewhat star- C7
shaped tops (note -their large individual branches). 	 In addition the amount a
and location of underbrush and of fallen timber can be seen quite readily. a
In the top right photo, most of the insect-infested trees are already Q
exhibiting chlorotic (yellow-to-brown) needles and hence can be differen-
tiated from their healthy associates.	 The bottom left and bottom right a
photos, taken in July, 1967 and July, 1969, respectively, show native O O
perennial forage species in a range allotment in northeastern California
at the fringe of the Great Basin sagebrush type. 	 The largest shrubs, known
as "bitterbrush" (Purshia tridentata) are highly palatable to both cattle
and deer.	 Note the dramatic increase in shrub size during the two-year interim
resulting from the fact that only "rest-rotation" grazing was allowed in
the area.	 Similar photos taken of an adjacent area in which there were no
restrictions on grazing showed that there was virtually no net growth of the
highly desirable shrubs during the interim. 	 Such information is much more
easily obtained from large scale vertical aerial photos than by other means.
By far the least expensive and safest way of getting these very low altitude
7-72	 photographs for areas of small size and at some distance from the nearest
airfiel ,-	 is through	 ed aircraft equips	 th a 35 mm ra.
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Figure 17. The left photo shows glacier ice and snow fields in Alaska
' hazardous to fly over at low altitude butthat are often
for whidicurrent large scale photographs such as this may
be needed by those seeking to traverse the area but unaware
of present conditions in terms of crevasses and other
hazards to movement. The right photo is of the type needed
-reas) or smallfor monitoring oil slicks (the light tone a
boa.^-U traffic (accentuated by boat wakes). Here, then, are
two r)ther examples of situations in which the safest and/or
ans of obtaining the desired photographymost economical me,
might be through the use of a small, remotely-piloted
photographic aircraft, such as the one shown in Figure 11.
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Figure 18. If, as described in the text, the physics hobbyist were to
build a simple, lens-type stereoscope and attach it to a ringstand, he
could then examine these two low altitude stereo pairs of photographs
3-dimensionally. On so doing, he would most certainly be impressed by
the greatly increased amount of information that he could gain from
the photos, including the configuration of thatched-roof huts in the
top stereogram and the presence of cranes near the storm-damaged and
sunken ship in the bottom stereogram.
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7-75 tone signature, automatic encoding of tones may lead to automatic resource
inventories.
a
Figure 19. The automatic analysis of tonal qualities can be done with a
photoelectric scanner. At top is a photograph made with a multiband camera.
At center is a scanner's print in which "N" shows darkest tones and other
symbols represent lighter tones. At bottom is an enlargement of the out-
lined area. Since each natural resource tends to have a unique multiband
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In this paper, we report on a developing operational
a
	
	 procedure for use by the Corps of Engineers in the acqui-
sition of land use information for hydrologic planning
purposes. The operational conditions preclude the use ofr '
	
	 dedicated, interactive image processing facilities. Given
the constraints, an approach to land use classification
based on clustering seems promising and is being explored
in detail. The procedure is outlined and examples of
application to two watersheds given.
	
'	 1. HYDROLOGIC ENGINEERING PLANNING MODELS
t
The objective of our work is to develop operational procedures for use by the Corps of
Engineers across the United States in the acquisition of land use information. The primary
source of data is LANDSAT digital data and the intended use of the land use information is
for hydrologic planning purposes. Land use information allows the Corps of Engineers to assess
the flood hazard, general damage potential, and environmental status of watersheds
	 Use of
this information is illustrated in a recently completed pilot research Flood Plain Information
"J
 
(-FPI)study [1] by the Hydrologic Engineering Center (HEC) of the Corps of Engineers. In the
 study, data management and analytical techniques, integrating the use of spatial gridded geo-
graphic data files (called Grid Cell Data Bank), are incorporated into hydrologic computer
	
a	 models denoted NEC-1 and STORM.s
The analysis methods of the HEC study interpret the hydrologic, economic, and environ-
mental consequences of alternative land use patterns in combination with other physical
characteristics of the watershed, such as soil class, land slope, erosion index and topography.
Land use information is the key factor in performing the analysis in that it is used as the
primary indication of the watershed conditions and of its response to precipitation.
The ,acquisition of land use information by conventional methods such as manual classi-
fication using aerial photographs or ground surveys are often time consuming for large water-
sheds or inadequate,' not prov ding accurate spatial information of land use. Remote sensing
data can provide land use information accurately and in a timely fashion for hydrologic
planning purposes. By proper use of high speed digital computers, highly accurate and point-
	
?	 by-point information of land use can be extracted from the remotely sensed data.
2. LAND USE CATEGORIES AND REMOTE SENSING FOR HYDROLOGIC APPLICATIONS
	
ii	 Since the land use pattern is an important factor in hydrologic, economic and environ-
mental analysis, the development and use of a reasonable set of land use categories is
quite important. Hardy -end Anderson [2] have recommended a standard set of land use categories
for use with remote sensing data. Ragan [3], in applications to water resources, has used a
modified subset of land use categoires* of Hardy and Anderson, and has shown that remote sensing
z
Land use categories used by Ragan in his work are: Forested area, highly impervious, grassed
area , -residential, streets and highways, bare land, streams, ; ponds or pools.
*	 t
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adata can provide land use information.	 The land use pattern was then used by Ragan to de-
ti termine hydrologic parameters in urban hydrology.
r
On the other hand, we note that the FPI gstudy by HEC has applications to economic and 	 -1
environmental	 analysis as well as to hydrology. 	 Thus, the objectives and criteria which
determine a set of land use categories in this study are different from what was used in
} previous work.	 Quoting the criteria applied by HEC to determine a rational set of land use 	 i
categories;
"	 The categories should be reasonably compatible with local and other
agency land use classification schemes
l It must be reasonably possible to classify the land use within the
study area by conventional or automated means
The land use categories should allow rational, consistent determination 	 1
flood hazard,	 land useof	 economic and environmental effects of 	 change
i The land use categories should be compatible with those needed by
' certain available computer models 1
n
• The land use categories should provide a complete umbrella of classi-
fications so that further breakdown of land use within each category
' would be possible if deemed necessary in future studies"
The different concerns in land use for each application are well expressed in another
	 '.
quotation from the HEC report:
r Y "	 ..	 from the hydrologic viewpoint, the concern in a land use sense is
I:- with moisture retention/precipitation excess and basin response charac-
teristics which are related to impervious cover and land surface manage-
ment measures.	 From the economic Viewpoint the damage potential and
r` disruption of community activities is a function of urban development
in general and the size, density, and type of structures and contents.
From the environmental viewpoint, the concern is mostly with the
' intensity of development and the potential for adverse impacts (such
'
i
as pollution) that could derive therefrom."
'?	 ! In the specific application of the FPI study to the Trail Creek Watershed in Georgia, HEC has
k	 I adopted the set of land use categories shown in Table 1. 	 These categories represent a
I
compromise between the general criteria mentioned above and the technical requirements needed
I
for applications to hydrology and economic and environmental	 studies.
_
Note that, for the economic and environmental analysis, detailed land use information in
urban areas is quite important, which is not the case for hydrologic analysis. The require-
ments of accurate urban land use classification, such as differentiation between commercial
'- and industrial areas, and differentiation of housing density of residential areas, are quite
fi difficult to meet from remote sensing data.
' 3.	 OUTLINE OF AN OPERATIONAL PROCEDURE
Since the final operational procedure should be easily applicable by the field engineers
of the Corps of Engineers, this precludes the use of any dedicated and highly interactive
image processing hardware (such as G.E. Image 100 or the Bendix M-DAS System).
	
The procedure
should require only a limited number of iterations and not rely on the use of full scale color
image display.	 The emprhasis is thus in the use of general purpose computers and line printers
for intermediate and final output products.;
' With these specific objectives and constraints, we have first tried a maximum likelihood
classification algorithm to determine whether it can be adapted into an,operational procedure.
We have encountered several difficulties in using a maximum likel-ihood classifier.
	 Among
4 these are:	 (1)	 The choice of land use categories on which the classifier will be trained:
` The set of land use categories should be complete in the sense that every part of the water-
shed should belong to one of these categories.
	 We have found the selection of land use
`,-
f	 `
i^
categories.difficult. 	 (2)	 Training areas:	 To have a reliable estimate of statistics, a
1	 I
4
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large number of sample points 	 (corresponding to large size training areas) 	 is required.	 In
actual applicatiuns,	 it is not easy to find training areas of large size for certain land use
categories (principally in urban areas). 	 Further, the determination of the exact outlines and
coordinates on the LANDSAT ima ge for each training field is also difficult in the absence of
an
	
interactive 'color image display.
These difficulties make a maximum likelihood classifier unattractive or impossible as an
operational procedure with a minimum amount of interaction. 	 Unsupervised classification
algorithms appear to be more suitable to our objectives. 	 The clustering approach is a well
known unsupervised classification algorithm, which does not require a priori 	 knowledge of land
- use categories nor locating training areas. 	 At this stage of our work, we are exploring in
detail an operational 	 procedure for satellite land use classification 	 based on the clustering
oft approach.
	
The steps and sources of data for the proposed operational procedure are as follows:
a..	 Digital Specification of the Watershed. 	 Information on the watershed obtainable from
`j maps, such as the watershed boundary and major roads, is entered on a grid oriented data base
using an x-y digitization tablet or by key punching the data on cards.
b.	 Preprocessing of the Data.
	
The original LANDSAT data is transformed using a principal
p	 X component or Karhunen Loeve (KL) transformation.	 Only two of the transform components are
'.5
required for classification and this step results in a reduction in computing costs.	 This
f step is optional	 and can be bypassed for a small watershed.
4	 a
c.	 Clustering.
	
We have implemented and tried a clustering program based on the ISOCLS-
package developed for NASA Johnson Space Center.
d.	 Classification.	 The data is classified after clustering by labeling each cluster as
belonging to	 the land use	 inone of
	
categories.	 This requires ground truth information	 the
form of maps and aerial photographs. 	 After examining all the available information such as
the display of the centers of resulting clusters, maps, and aerial 	 photographs, one of the
r • following decisions is made for each cluster: 	 (1)	 The cluster belongs to a specific land
use category.
	
(2)	 It is a mixture of two or more land use categories or the information
at hand is not sufficient to label 	 the cluster, i.e., the cluster is either in conflict or
l inconclusive in nature.	 (3)	 The cluster is of no importance or not valid. 	 We assign that
cluster to an "other" category (none of the desired land use classes). 	 The ground truth infor-
mation such as maps and aerial photographs is used to label the clusters in the following—
manner.
	
From the examination of the computer printout of clustering results, several spatially
' contiguous areas (each having more than M points) within each cluster are chosen and the
corresponding LANDSAT data is brought in registration with maps and aerial photographs. 	 By
studying corresponding areas on all available data we make one of three decisions for each
off
cluster as outlined above. 	 We can also use the reverse process, i.e., define some ground
truth points or areas on maps and photographs, and transform those points or areas to LANDSAT
image coordinates.	 We can then label the data clusters.` The registration procedure of maps,
„
IL
aerial photographs and LANDSAT data will be discussed later.
e.	 Reclustering.	 For the points belonging to the second group of clusters, i.e.,
clusters in conflict or inconclusive, a reclustering step is applied.
	 First, points belong-
,3 . ing to this group are selected from the original LANDSAT data; then the clustering algorithm
is applied again to those points.
	 The purpose of this reclustering is to more finely sub-
°. divide the data in the difficult areas to allow unequivocal 	 labeling of clusters.
	
After
reclustering, all	 the resulting clusters are labeled using the procedures described in Step d,
r, with the only difference that we now try to label all ;clusters. 	 Clusters which cannot be'
labeled properly are assigned to the "other" class.
	 However, we expect that very few points
will
	 belong to this group.	 A schematic diagram showing the steps above is given in Figure 1.
d
f.	 Geometric Correction and registration of Maps, Aerial Photographs and LANDSAT Data:
Geometric correction, using principally a least, square geometric correction program requires
that a number of control points be obtained from all the sources of data and entered in
numerical form into a program.
	
Obtaining such ground control points for LANDSAT data is an
•'^ important`porblem which remains to be solved for the case in which no high quality, high
resolution display of LANDSAT data is available.
	
Alphanumeric printouts of portions of raw
:. LANDSAT data which accentuates landform information is being considered as a possible source
' of ground control
	 points.
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m4. PILOT STUDY
The operational procedure described above was applied to two watersheds of different size
and geographic location; the Trail Creek Watershed in Georgia and the Castro Valley Watershed
in California. Here we explain the results to date.
4.1.	 TRAIL CREEK WATERSHED
The Watershed is located in Clarke County and in the city of Athens, Georgia. 	 It is	 >
relatively small, approximately 30 square kilometers and has been further subdivided into	 ITI}
.,.
21	 subbasins in an HEC study.
Because of the need to establish a basis of comparison on pixel by pixel for our work
using satellite data, we proceeded to do a manual classification of the land use in the water-
	 ±
shed using NASA Research Aircraft images (Scene ID 6274 000 50047, 74/4/24).
	 The manual
classification serves as a principal	 basis for the verification of remote sensing classifi-
cation results.
	
Results of the manual classification are displayed in Figure 2. 	 A tabulation
of the percentage of each land use class is shown in Table 2,
4.1.1.	 MAXIMUM L IKELIHOOD CLASSIFICATIO ,yI U  	 N	 4g,
In order to test the suitability of well 	 developed classification algorithms, we first	 I
examined a maximum likelihood classifier.	 A particular version of LARSYS program was chosen
primarily because of its availability and because of the well 	 established application of
maximum likelihood classifiers in agricultural 	 land use classification [4].
We have attempted to classify an October scene (Scene ID 8180415322, 74/10/5) of the 	
t
LANDSAT image of the Trail Creek Watershed using a maximum likelihood classifier. 	 The steps
'	 in the classification procedure are:	 (1)	 Define a reasonable set of land use categories,1
(2)	 locate one or several training fields for each class on LANDSAT imagery and identify the
coordinates of each training field, 	 (3) run the classification program, and (4) 	 process the
result for display and tabulation. 	 The classification result is displayed in Figure 3 and
summarized in Table 2, along with other results.
4.1 .2.	 CLUSTERING APPROACH
As explained previously, we encountered difficulties in the use of the maximum likelihood
classifier, such as the choice of land use categories and defining training areas,
Considering these difficulties and our objective to develop an operational procedure with
a minimum amount of interaction, we shifted emphasis from supervised to unsupervised classifiers.
The clustering approach to land use classification is based on classifying first the data into
machine classes or clusters according to machine measure of homogeneity without injecting into
the process the human preconception of what the Land use categories should be.	 Then a human
being interacts with the machine to interpret and refine the results of the machine classifi-
cation.	 At this second stage, the prior knowledge of land use and the relative importance of 	 M
achieving accurate classification results for each land use category play an important role.i	
_
We have used the clustering approach for the Trail Creek Watershed. 	 The same October
j	 scene used in the maximum likelihood classification was used again. 	 The procedure used for
our pilot study consists of the following steps:
(1)	 Principal	 component transformation of the data.	 The original LANDSAT image is
1
{	 transformed for data compression using the Karhunen Loeve transformation.
I1	 (2)	 Clustering of the data.	 The first two components of transformed data KLl and KL2 are
clustered.	 A'display of the centers of resulting clusters are given in figure 4.
For the purpose of comparison, we tried to label all clusters with land use categories as
best we could without using the reclustering step.	 The result of the classification is 	 ^  
k	 summarized in Table 2, and designated "one step clustering."
(3)	 Initial	 classification.	 As described in step d of the operational procedure, we
divide the clusters into three groups, shown also in Figure 4, 	 t
(4)	 Rerlu , tering.	 For the Clusters marked "reclustering" 	 in Figure 4, we applied the
e
P	
.^
a
1	
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clustering program again using a different set of parameters. 	 The final	 result of steps (3)
Figureand ( !1) are shown in	 5 and Table 2.
The result obtained by this operational procedure can be compared to the ground truth and
to the maximum likelihood classification result. 	 Even though clustering is significantly
better than maximum likelihood classification, improvements might not be as apparent in direct
numerical comparison of percentage of land use in each class, since generally numerically
compiled results are the average of many detailed effects. 	 However, the following conclusions
seem justified.
i
(a)	 The clustering approach results in a significant improvement over the maximum likeli-
hood classification when we examine the detailed classification point-by-point on an image.
(b)
	 The clustering approach is much more flexible in the sense that the classes are
assigned after the fact.
(c)	 Reclustering result is 'a significant improvement over the one step clustering
classification.
(d)	 It still appears to be necessary to devise some kind of consolidation program to
I remove extraneous and isolated misclassified points.
Note also that we have used finally, only 6 land use categories instead of the 10 cate-
gories used by HEC.	 The following comments are pertinent:
(a)	 The separation of industrial and commercial classes.
	
These two categories may not
be differentiated accurately from remote sensing data. 	 By applying a spatial consolidation
algorithm, a partial
	 success appears possible.	 For example, in clustering, we have a good
indication that downtown commercial areas and large size parking spaces around shopping centers
i may be identified.	 Further work is needed.
(b)	 Density of residential areas.
	
That depends largely on the definition of low, medium
and high density residential
	
areas.	 Residential	 areasgenerally, tend to be clustered as	 i
newly developed or old residential areas on the basis of surroundings rather than houng
densit	 More work on fairl	 large urban areas is needed to determine whether density of
residential	 areas can be determined by using remote sensing data.
!	 1 (c)	 Separation among agricultural, pasture and developed open space. 	 We have not paid
too much attention to this problem as yet. 	 Even with lots of care and attention, it seems
( difficult to separate these classes even from high-flight images. 	 i
4.2.	 CASTRO VALLEY WATERSHED
Because of our interest in developing techniques useful in all parts of the country and
because of the need to firm all details of the procedure, we are working on several water-
sheds across the United States. 	 We are completing work on the Castro Valley Watershed in the
San Francisco Bay Area.	 The Castro Valley Watershed is very small 	 (12.8 sq.	 kilometers) and
highly urbanized.	 It has been studied in great detail 	 by the Corps of Engineers. 	 We have
applied the operational	 procedure based on the clustering approach and conducted also classi-
fication by photo interpretation using aerial 	 photographs backed up by a ground visit to
Castro Valley.
	
On the basis of results to date, we are able to classify this watershed into
six different classes and with an accuracy comparable to what was achieved for the Trail Creek
Watershed.	 Shadows are much more pronounced in the Castro Valley Watershed and may result in
classification problems.
5.	 DISCUSSION
We feel	 that we are developing a technique which should be usable operationally and we are
trying to finalize the procedure so that the Corps of Engineers can use it with only line
printer output.	 We are also planning to study in the coming few months 2 to 4 additional
watersheds of different sizes (ranging from 250 to 750 square kilometers) and of different
terrain across the United States to determine the applicability of the operational 	 procedure
to different geographic conditions and to different constraints on availability of data
In order to make the operational	 procedure complete,	 there are several	 remaining problems
to be solved.	 First, we need to improve classification accuracy within urban land use classes.
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aThis problem appears to. be difficult to solve perfectly and seems to be the major challenge for
future work and poss!6ey for higher resolution sensors.	 We also expect to encounter problems
for large size watersheds in terms of computation time. 	 And last, but not least, we have a
continuing problem of compiling the results. 	 In order that the classification based on LANDSAT
data be integrated into a Grid Cell Data Bank, the original LANDSAT pixels should be distorted,
scaled and resampled.	 In spite of these remaining difficulties, we are hopeful that the
procedure developed will be widely useful in the common situat ions where specialized interactive
computing equipment is not available,
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7.	 TABLES
1. NATURAL VEGETATION
Heavy weeds, brush, scrub areas, forest woods
2. DEVELOPED OPEN SPACE
Lawns, parks, golf courses, cemeteries
3. LOW DENSITY RESIDENTIAL
: Single Family:	 1	 unit per 1/2 to 3 acres; average l unit per 1-1/2 acres. Areal Breakdown:
5% structures; 10% pavement; 50% lawns; 37% vegetation.
	
Proportion developed = 60%
4. MEDIUM DENSITY RESIDENTIAL
Single Family: typical
	
subdivision lots,; l	 unit per 1/'5 to 1/2 acres; average 1
	
unit per
1/3 acre. Areal
	
Breakdown: 10% structure, 15% pavement, 45% lawns, 30% vegetation.
Proportion developed = 70%
5. HIGH DENSITY RESIDENTIAL
Multi-Family: row houses, apartments, townhouses, etc., structures on less than 1/5 acre
lots; average 1
	
unit per 1/8 per
	
Areal Breakdown: 25% structures; 15% pavement; 35%acre.
lawns; 25% vegetation.	 Proportion developed = 100%
k 6. AGRICULTURAL
Cultivated land, row crops, small grain, etc,
7. INDUSTRIALr
_
Industrial
	
centers and parks, light and heavy industry. Average 1 	 plant per 8 acres. Areal
Breakdown: 20% pavement, 50% structures, 30% open space. Proportion developed = 100%.
8. COMMERCIAL
Shopping centers and "strip" commercial areas. Average 3 structures per acre. Areal Break-
down	 Structures 30%, lawns 5%, vegetation 10%, pavement 55%. 	 Proportion developed ='80%
9. PASTURE
Livestock grazing areas, ranges, meadows, agricultural open areas, abandoned crop land
10. WATER BODIES
Lakes, large 'ponds, major streams, rivers
TABLE L
	 HEC LAND USE CATEGORIES, TRAIL CREEK WATERSHED
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Percent of Area
Ground Truth
Maximum
Likelihood One Step
Operational
Land Use
Classification Clustering
Procedure
Natural 50.17 36.19 48.69 45.06
Vegetation
(low density)	 2.45
Residential (medium density) 6.79 23.78 16.60 15.31
(high density)	 0.11
Oev. Open Space 0.49 8.82
Agricultural 28.73 19.17 26.69 32.24
Pasture; 3.04
Industrial 2.59 6.08 5.84 5.21
Commerical 1.55 1.97
Water Bodies- 0.57 1,02 0.97 0.97
Trailer Parks 2.47 2.98
Highways 1.06
Open Space 1.21_ 1.21
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Operational Procedure.
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Summary of Observations on Conference
On November 9, 10, 11, 1977, the American Institute of Aeronautics
and Astronautics and the National Aeronautics and Space Administration
Jointly sponsored a conference, "Aerospace Technology Transfer to the
^Iublic Sector." The attendees, numbering about 100, represented private
^zorporations, research institutes, universities, and government agencies
at various levels, with individuals' participation in working groups based
on particular areas of interest. Thus, Communications Technology, Housi
and Urban Construction, Health Technology, Natural Resource Planning and
Mf!^^eme^^it, and Transportation attracted those persons concerned with
aerospace technology applications in those areas. (Incidentally, there
was little time or opportunity for session-hopping; whatever cross-ferti-
lization that occurred came from the several plenary sessions, where the
interim and final reports presented by group leaders probably reflected
their ability as communicators and their perspective and bias more thanI aft the ac-tual content and discussion.)
This account, based on participation in only one such group, namely,
sft	 Natural Resource Planning and Management, does not presume to summarizethe entire conference. However, I can provide a fairly useful overview by
combining my own notes and observations with the official documentation,
such as pre-Conference working papers, session summaries, and post-Conference
communications.
The November 23, 1977 "Summary of Principal Findings and Recommendations"
contained the following paragraph:
This Conference reviewed the potential, the mech-
anisms, and the results of the technology transfer
process by (a) assessing the results of technology
transfer on a number ofc public sector service areas;U (b) reviewing the primary barriers which are cur-
rently impeding the aerospace technology transfer
process; and (c) identifying appropriate courses
of action, both by the private sector and by all
levels of government, to enhance public-sector
utilization of aerospace technology in the tech-
nology areas.
One immediately observes not. only redundancy between this post-Con-
nd the pre-Conference statement of Scope but actual Verbatimference Summary a
repetition. This circularity, while recognizable as the conventional rhetoric
accompanying such events does, nonetheless, have portent. it indicates the
'PAGE IS
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closed-loop nature of the conference format and the cynical view that
nothing significant can or will result from the conference. Such an
4
	
	 attitude is deplorable since by its inherent self-fulfilling prophecy,
it virtually precludes useful outcomes and effectively excludes the in-
sights that may have been generated through discussion. The complete
congruence between stated aims and achievements does not imply complete
j	 success; rather, it imparts a deja vu quality that deprives the conference
.	 of values.. it might have attained.
r
With platitudes at the outset and as the outcome, conferences of this
kind exhibit serious deficiencies as (a) a worthwhile source of new ideas
and (b) a , promising mechanism for learning about technology transfer. As
to the former, the controversial issues studiously avoided were those
which may have been most significant in the transferprocess: the questions
that were dismissed because there were no easy answers might, if explored -
r
 _+
	
	 further, have contributed more understanding than did discussion of formal
agenda items. As to the latter, recalcitrant determination to remain low
on the learning curve was amply demonstrated by the failure to heed the
wise words and comments of Dr. Robert A. Frosch in his keynote address.
Indeed, the Conference proceeded as though the opening session had never
taken place!
i
	
	 Dr. Frosch's parting appeal for "complexifiers" as an antidote to
Washington's plethora of "simplifiers" fell on deaf ears. As is usually
the case, Conference language had the subject writ large and the predicate
small -- a sure, formula for simplistic thinking. A- a consequence, official
descriptions, fore and aft, were not only simplistic but unthinking as to
f~	 logical inference. To equate the potential of the technology transfer pro-
cess to the program's assessment of the results of technology transfer "in,
a number (6) of different public-sector service areas" was to harness a
powerful Percheron to a little red wagon. The "results'' of technology
transfer are often illusive, incalculable, and immeasurable, often difficult
-
	
	 tc pinpoint, and probably debatable as to impact. To presume that such
results as were covered by the•Conference adequately reflected the potential
was to skew and so limit the focus as to confine aerospace technology in
perpetuity to the near reduction to absurdity of ceramic pipe bowls and
slippery water!
Si;^nificant transfers to "public-sector service areas" are just begin-
ning to occur. Not only is assessment of results premature, therefore,
but, the mandate imposed by OMB and other budgetary watch dogs to demonstrate
early cost/effectiveness appears to constitute one of the most serious bar
tiers to technology transfer. This is particularly true in the case of state
!	 and local agencies, which operate in a precarious political environment
^.»	 Forced to justify expenditures before benefits can be properly harvested,
{Jy.
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officials are inclined to extreme conservatism. And the usual cost/benefit
calculations would support this position, since they cannot accomodate un-
certainty and unknowns. Where benefits are diffuse and/or long in material-
izing, innovators are forced to quantify pie-in-the-sky, perform methodo
i
	
	 logical miracles, or forego innovation as too risky. On this matter, Dr.
Frosch's observations were particularly germane: economists 1 tools of analysis
do not fit; their models cannot cope with future technologies Since human
_life is not tidy and no one can predict the future, much of what passes
for forecasting is mythology. Instead of regarding technology transfer as
solutions looking for problems, we might fruitfully entertain the possibility
that available new technologies provide a redefinition of problP^ns so that
they become tractable.
i
Unfortunately, Dr. Frosch's contributions to the Conference have not
been mentioned in the documents. Thus, lost are his views on the dynamics
of the process of technology transfer, the time element, the people factor,
j
	
	 the opposition and difficulties faced by NASA, and the international impli-
cations'. Instead, the "findings" purportedly distilled from review of the
six specific applications 'clustered about the following points:
`	 (1) Person-to-person communications is the optimum transfer medium.
There must be mutual understanding between technical and user
communities.
(2) "The major impediment to effective technology transfer'is the
	
lack of adequate funds to carry out the necessary educational
	
i
and evaluation processes which precede implementation."*
(3) Successful instances of aerospace technology transfer to the
public sector should be widely publicized by the public-sector
beneficiaries as leverage for promotion of a National Policy
(see item 5 sotto).
(4) Private industry, perhaps better than state and local govern-
ment, can serve as a medium of technology transfer, with en-
gineers playing a key role.
j	 (5) Clearly needed is a National Policy on Technology Transfer, to
be articulated and formalized by executive order as well a
supported "at adequate funding levels." Such policy would
properly include, first, "effective formalized utilization of
the well-developed disciplines of systems analysis, in addition
`
	
	 to the utilization of specific products" and, second, a combing-
tion of "existing -- sometimes rather mundane" -- as well as
new "exotic" technologies as "elements in the transfer process."
r
This item is quoted verbatim and in its entirety as an example of the
f
	
	
large subject-small predicate format that deteriorates into meaningless
platitude.
P
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One might assume, to judge from the emphasis on and amount of space
devoted to the recommendation fora bureaucratic network dedicated to the
dissemination of aerospace technology, that item (S) emanated from Con-
ference deliberations.	 This, so far as I can ascertain from review of
the respective working sessions,was not generally the case although the
Communications Working Group had included in its list of missing links
in the transfer process a centralized government unit. 	 One can conclude,
therefore, that the architects of the conference used the occasion as the
vehicle on which to launch this proposal, which displays an astonishing
degree of ignorance about the working of the bureaucratic world as well
as an appalling ignorance of the state-of-the-art of systems analysis as
a viable article for export.l
r
Since official documentation of the Conference has contained no ref-
erence to the contribution of William Donaldson, City Manager of Cincinnati,
I deem it proper to accord honorable mention to his views because of their
down-to-earth good sense. 	 His emperor's-new-clothes assessment of technol-
ogy transfer was an ;interesting complement to Dr. Frosch's remarks -- and
was similarly ignored!	 Describing as "disproportionately small" in com-
parison to the investment the results of technology transfer, he found
the effect of applied science on local government service delivery systems
` to be disappointing and asked why. 	 "Most of the conferences that have
dealt with technology transfer have spent their time in examining the
technologies that might be useful and the mechanism that might be used to
adapt them to local gow,rnment.
	
Very few have spent very much time talking
about the problems of how you get the horse to drink."
	 He recommended`
that the technical experts redirect their energies from the what-to-do
j to the how-to-do-it.
ri II. Specific Aerospace Technology Applications
i
µ Communications Technology
In the context of the Post-Industrial Era, as envisioned, by Daniel
^
Bell; advanced technologies related to transportation and communications
have brought men into close contact, bound them in new ways, and made them
more dependent on one another for specialized services.
	 Central to the
rise and development of the service economy is information, the acquisi-
tion, processing, storage, interpretation, and utilization of which are
Robert A. Frosch, "A New book at Systems Engineering," IEEE Spectrum,
September, 1969, pp. 24-28.
Ida K. Moos, Systems Analysis in Public Policy" 	 A Critique, University
of California Press, Berkeley, 1972.
2 Daniel 'ell, The Coming of Post-Industrial Society, Basic Books, Inc.,
New York, 1973
a
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accomplished through modern communications technologies.
	 Here, NASA's
contributions are significant. 	 However, transfer of space-derived know-
k z	 how to urban communications needs at state and local levels does not
occur without travail.	 Not only is ignorance an obstacle but also the
lack of two vital elements, viz., effective receptors at the user end
p us	 and, as mentioned earlier, a government unit to act as transfer agent.
Ej The Communications Working Group's summary statement attempted to set
forth guidelines for overcoming "obstacles to the transfer of c-:,nanuni-
cations technology to state/local government users and to effectuate
the technology transfer process."	 For this, they recommend that "a
. mechanism" be set up "to permit" state and local governments "to es-
tablish a pre-defined-quantitative scale to evaluate level of success".
v	
E;
While some of the above conclusions suggest recognition of the
real-life complexities of adapting Space Age communications to state
and local usage and getting the latter to adopt them, the imposition
of a quantitative measure of success assures almost certain abortion
of the effort.	 In most observed cases of improved inf ormatiop, handling
^. and transmission, quantifiable results are not only elusive but relative-
ly unimportant as an index to societal benefit, especially in the long
run.	 The injunction "to establish'a pre-defined quantitative scale to
evaluate level of success" is an egregious flying-in-the-face of Dr.
Frosch's charge to the Conference.
Housing and Urban Construction
^i Of interest here were the ways in which NASA technology could be
useful in the field of housing and ,urban construction.. Examples in-
eluded (a) NASA involvement with_ERDA in solar heating and cooling
t,
	
	demonstrations, and (b) aerospace companies' products and services
related to fire equipment, solar energy components, and the like.
Obstacles to the technology transfer seemed to be largely institu-
tional, e.g., archaic building codes, recalcitrant union regulations,
and rigid insurance standards. Stressed here as elsewhere was the
importance of the user community, embracing not only government offi
cial;, at all levels but consumer protection and regulatory groups.
In this area, as in most of the others, the "proper and appropriate
role" for the federal government was "to stimulate innovation and
provide 'front' money,"
Health Technology
Dr. James N. Brown,, Jr. of the Research Triangle Institute, care-
fully delimited the focus in the complex and :diffuse area of medical
l ¢	 technology. After making the excellent point that most significant
f 1 i	 technological transfers to medical research usually require long
IN	 periods of time to realize a beneficial impact on the practice of
(	
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medicine, he chose "those transfer opportunities and situations involving
widespread utilization" or, in other words, those transfers seen to bene-
fit medical diagnosis and treatment in a significant sector of medicine.
Among the instances of medical technology transfer were the following
(a) small computer capability; (b) patient isolation garments; (c) multi
spectral photographic analysis of burn injury; (d) controlled rates of
freezing biological fluids and tissues; (e) geometric configuration of
coronary tree; (f) Temperfoam.(an open-cell polyurethane silicone plastic
foam especially_ designed to cushion severe impacts and, therefore, useful
in airplane seats, football helmets, and the like); (g) compact blood
analysis systems; (h) rechargeable cardiac pacemakers; (i) servo-controlled
infrared optometer, a device that automatically measures the refractive
error of the eye, prints out the proper prescription for glasses, and
F	 detects cataracts; (j) a hand therapy device.
4
By far the most useful contribution to the Conference came in the 	 `
form of Dr. Brown's working paper. The summary that appeared in the
stultifying bullet-format lost all of the depth of perception and pro
E	
vided so sterile a view that little was communicated of its message or
of the essence of the sessions. Instead, such inanities as the follow- 	
r
ing constituted the introduction to the summary:
Transfer of health technology can be enhanced by
(a) stimulating more opportunities for innovation,
j	 and ,(b) eliminating or reducing the many barriers
to industrial participation in the transfer process.
Recommendations embodied in the rest of the statement reflected the fa-
miliar set of hoary canons, i.e., the pitch for "system concept studies,"
the plug for cost/benefit analyses. The emphasis on an institutional 	 r
`	 mechanism, such as a "National Health Technology Ad Hoc Advisory panel"
with a cadre of technology transfer agents, seemed to be less an out-
come of the discussions and more a manifestation of what might have
_j	 been the hidden agenda of the convention's architects.
Transportation
The 'distance: between the areas of concern voiced in the pre-Con-
ference working paper of JohnB. Crosseto, Jr. and those which were
highlighted in the summary is notable. The earlier document had listed
1	 a number of 'examples of successful transfer of aerospace technology to
elements of public transportation. Integrated circuitry, light-weight 	 ;}
structures, and improved lubricants were cited in this connection.
Mr. Crosetto acknowledged, however, that"the record of technology trans- 	 x
fer at system level applications is less than spectacular. Several
large, modern urban transportation systems have been plagued with prob-
lems that have received a high degree of public exposure and criticism." 	 r=
^ 	 r
t-	
r
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Since the Bay Area Rapid Transit (BART) system and others like it are
manifestations of over-enthusiasm for Space Age concepts where an ap-
plication of horse sense might have been more apropos, Crosetto's state-
ment gave promise of some much-needed critical analysis. If this
 occurred during the sessions, no word of it slipped into the final re
port, which embraced all the cliches, promoted the "National Technology
Transfer Policy", and generally proceeded on the cavalier assumption
that the only problems in the transfer of aerospace technology to
urban transit were lack of money and a mechanism for attracting and
,w
	
	 funneling the money! If the panelists ever responded to their chair-,
man's request to examine the process of technology transfer and to
'
	
	 try to identify the different characteristics for success at the
component, process, or system level, the benefits of that experience
were not shared through the watered-down, over-generalized, propaganda-
ridden summary.
;T	 Natural Resource Planning and Management
i
The working paper for this section provided a brief historical
background of remote sensing, from the Apollo-Gemini era to the current
generation of Landsat Five applications were described in detail: The
Texas Natural Resources Information Systems, the Mississippi. Demonstra-
tion Project, the Georgia Digital STatewide Processing Program, The
North Dakota Regional Environmental Assessment Program, and the South
Dikota'Land Resource Information System. The chairman of the group,
Paul A. Tessar, drew up a list of problems as he perceived them. At-
tributed to NASA were the following: (a) over-selling of the technology;
(b) lack of an overall strategy and a'coordinated, organized approach
to technology transfer; (c) too much reliance on the approach of using
universities to transfer technology to state governments; (d) a pref-
erence for working with technologists rather than decision-makers;
"l p	(e) inadequate staff and financial resources to complete the transfer
s	 effort (f) shortage of formal state imput to Landsat mission and
policy planning activities; (g) lack of a permanent operational satellite
system and (h) problems with. the current data distribution system.
As for problems encountered in the states, the following were
listed: (1) fragmentation of natural resource responsibilities among`
many agencies with differing viewpoints, needs, and resources to ad-
dress them; '(2) shortage of financial resources and expertise to
adequately support technological activities; (3)_,
 lack'of thorough
natural resource information needs identification and analysis;, (4)
k j	 bureaucratic unwillingness to invest in developing new capabilities;
r
	
	 (5) lack of a unified voice to represent state and local needs in
Landsat mission planning; and (6) inadequacy of communication between
and within states.
N
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In the view of Mr. Tessar, lack of state representation on the Federal
Coordinating Committee in Landsat seemed to be the main problem. The
states, he averred, need "to speak with one voice for themselves."
That this was not a conclusion on which the natural resource planning
and management working group had reached consensus, or one that was
even discussed at length, points up again the distance between intent
and content in this Conference. That this item should appear as one
of the three specific recommendations purportedly emanating from the
sessions may be explained by the sentence, "NCSL would be happy to
coordinate such a group. "*
I
Review of my notes taken at the actual working sessions indicates
that the breadth of concerns was not limited by the scope of the sec
j tion chairman's pre-Conference working paper, which had "Land Use Plan-
I. ning" as its title.	 At a very early point, trenchant questions were
raised as to the transfer process: how do we get technologies to the
users 9 	when can the technologies ultimately benefit? 	 where and of
what sort are the mechanisms to implement the transfer? 	 what are the
conditions for transfer? 	 The discussion ranged wide._ Some attention
was paid to the need to discriminate among resource questions amenable
to treatment via Landsat, those where other satellite technology might
] be advantageous, and those which fall outside the purlieu of technology.
Here, the political, economic, bureaucratic, jurisdictional,.legal, and
-social aspects of resource management decisions brought forth a lively
exchange of ideas.
	 Along with the possibility that satellite technology
might offer a viable means of circumventingtraditional legal and juris-
dictional barriers, there was recognition_ that herein might also be the a
makings of new battle formations.	 If, as was proposed, coordination of
z
function between the U.S. Coast Guard and the U.S. Department of Trans-
portation was requisite for proper funneling and collation of data from
Seasat, then a new level of synergy was a sine qua non.	 However, with
autonomy and control two main pillars of organization, the prospect of
such cooperative effort seemed ephemeral in the extreme,
When in this connection, the OSTP** was brought up as a possible
agency for fostering technology transfer, inadequacy of budget posed an
immediate obstacle.	 While the OSTP is in the process of trying to de-
velop programs, its efforts are perforce sproad thin.	 Earlier efforts
to move technology to the state and local levels having been virtually
eliminated by an Office, of Management and Budget edict against advisory
panels, this link has not peen established.' Inherent in the discussion r
r *- NCSL, -of which Mr. Tessar is assistant director of the Remote Sensing
Project, is the National Conference of State Legislatures, an organi- F"
zation designed to strengthen the role of state government in relation T.l
t	 # to federal program, and policy.
{	 s' **Office of Science and Technology Policy. t
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Twas the bothersome question: who will pay? and the related question of^
how do you assess value?	 The OMB requires firm numbers.
	
But these are
unavailable within the short term of the budgetary time cycle and may
be unattainable even in the longer term.
	 Their lack does not make the
effort less valuable.	 It may, in fact,be all the more so, but failure
rr to produce "hard" evidence can foreclose the whole endeavor'.	 This
requirement for premature proof of worth has been observed	 in many
areas where technological advance needs support and encouragement, to
stand as an insuperable stumbling block.*	 At the state level especially,
some technologies show promise of delivering economies but immediate
! cost calculations cannot reflect them. 	 Possible only in life-cycle
I terms, such estimates carry no weight in legislative circles, where
the political environment has its own special life _cycle.	 An axiom
emerges here: the technological time frame is often greater than that
in which the political entity has to operate and artificial accomoda-
` tion between them becomes a Procrustean** task. 	 The injunction to 'sup-
ply economic justification too early has led to much frenetic and some
Y' frantic figure-manipulation. 	 The self-defeat of the cost/benefit analy--3inis embarrassingly visible	  the Science	 account of the study done
' by Chase Econometric Associates to demonstrate the direct connection
between investment in NASA research and the U.S. gross national product.
The extravagant claims were challenged by Senator Proxmire, who asked
the General Accounting Office (GAO) to perform a critical analysis.
' Their review4 stated that not only did' he Chase study fail to prove
that the economic benefits were of the magnitude calculated but that
"plausible and minor changes" in the methods used could lead to dramatic-
ally different, and probably devastating, conclusions. 	 In describing
the Chase study as "more fiction than fact", Senator Proxmire was, if
not indicting, at least calling to account the very management tools
in vogue at all levels of government. 	 In the final analysis, credibility
turns out to be the name of the game; much depends on whose numbers one
is willing to bel;.eve.
	
Perhaps, now that this realization has penetrated
the halls of Congress, it will percolate to the OMB. 	 At that time the
slavish performance of the cost/benefit ritual will be recognized as
t the artifactual numbers game it is, its resemblance to the real-life
I! dimensions of technology assessment largely coincidental'.
0 *	 In the development of the electric vehicle, for ,example, I`recently
" ( commented that "cost is the cart put before the technological horse."
} ** Procrustes, a mythological innkeeper, seized travelers and tied them
to an iron bedsted, into which he forced them to fit by either stretch-
in	 them or b	 cutting 'off protruding 'members.g	 Y	  
"
3	 R. Jeffrey Smith, "NASA Study Was Bust, Not Boost, Says Proxmire,"
Science, 25 November 1977, pp. 810-811.
4	 Comptroller General of the United States, "NASA Report May Overstate
# the Economic Benefits of REsearch and Development Spending," General
Accounting Office, PAD-77-18, October 18, 1977. 	 -
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Because decisions about adopting technology and calculations of im-
pacts, advantageous and adverse, must ultimately be made in the social
' and political environment, this is the aspect of the transfer process
that requires most careful handling. 	 And so far it is one which has
{ attracted least attention. 	 The facile hidden assumption of the Con-
,' ference management seemed to be that once technical feasibility has
been demonstrated, transfer automatically follows -- or will, given
the ministration of the super-coordinating transfer agency! 	 No such
tt fantasy prevailed during the discussions. 	 Mrs. Judith C. Toth, a mem-
ber of the Maryland General Assembly, contributed an enlightened and
_ pragmatic view of legislators' perceptions of and reactions to high
technology.	 In a subsequent exchange of correspondence, J.J. Duga, of
Battelle's Science Policy and Technology Transfer Programs, added a
' succinct postscript to the deliberations. 	 Deploring the over-simplistic
h
I
4 views of purveyors of hardware and software, especially when they find
in	 makingthemselves	 the realm of political decision-and value judgments,
he wrote5:
I,
State and local governments -- regardless of how
well equipped they might be to understand and
assimilate technology -- have changing needs and
priorities; they have to make ext-emely difficult
choices between alternate courses of action; they
have limited resources that must be carefully
husbanded; and they have political accountability
to a constituency which is often unsympathetic
with even the most basic concept of compromise.
Since the official working paper which was supposed to structure the
discussion concentrated on the what rather than the how of the specific
instances, it followed the well-trodden path of concern with product
1 rather than process. 	 Consequently, discussion of these vital points
came through disjointedly 	 as discrete observations, as participants
succeeded in gaining the floor in a sequence dictated by turn rather
than by coherence.	 Unfortunately, a disproportionate amount of time
} had to be devoted to debate over and redrafting an item intimating
( that universities had been relied on too heavily in the transfer of
remote-sensing to state governments. 	 Some of the "problems" attributed
to NASA could and should have been disputed; this one, incorrect his-
torically and potentially damaging, demanded attention lest it slip
' into the permanent record as though emanating from the Group. ^I
t
5 J.J. Duga (Science Policy and Technology Transfer Programs, Battelle
Columbus Laboratories), personal letter to Ida R. Hoos, December 12,
1977.
i t
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Unaccountably absent fromthe agenda of both Conference and the
Pacific Northwest Land Resources Inventory Demonstration. Project (known
as the PNW Project). Spanning three states, Oregon, Washington, and
Idaho, involving nearly thirty agencies concerned with resource plan-
ning and management, linking the technically and administratively
	
.^	 competent NASA _staff with state and local users, this Project could
have provided an enormously valuable background against which to ad-
dress the real-life dimensions of technology transfer. The PNW Pro-
''
	
	 ject,_now entering its final phases, is a unique example of careful
organization, calibration, and management. In its exploration of ap-
plications of remote-sensing techniques in forestry, agriculture,
rangeland, and urban development, the Project encountered the full
gamut of responses familiar to those who would introduce change. This
innovative experi.ment represents a landmark, well worthanalysis and
review, since it contains most, if not all, of the elements necessary
in effecting a transfer of aerospace technology to resource management.
So as to attain as full an understanding as possible of the dynamics
of the process, the project director at NASA-Ames encouraged and made
provision for exploration of its social dimensions. The documentation
and analysis now underway will provide a rich reservoir of experience
upon which to draw as the Regional Applications Program translates the
	
.'	 technology of space to mankind's home-based problems.
The concept of technology transfer is not new. Literature on the
subject covers the past quarter of a century. Interesting and provoca-
tive experimentation, such as exemplified by the PNW Project, already
provides a-wealth of important information. Candid review of the AIAA-
NASA conference on Aerospace Technology Transfer in thePublic Sector
points; to the ineluctable conclusion that such meetings, judged on the
basis of effectiveness as a medium for communication and enlightenment,
t would not be worth the cost!
I
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i	 `"`' As emphasized in Chapter 1 of this I,-rrgress report, our multi-campus
group is now concentrating on the preparation of procedural manuals thati deal with applications of remote sensing to an area's entire "resource
complex", including its vegetation, soils, geology and water resources.
These manuals are being prepared:
	 (1) in both abridged and unabridged ver-
sions, the latter providing much more complete descriptions and documentation
than the former, and (2) in degrees of aggregation ranging from a single
aspect per manual to all aspects.
	 In order to maximize the prospect that
these manuals will be comprehensible and usable, our multi-campus group has
continued to maintain close liaison with the personnel of such potential
user agencies as (1) the U.S. Forest Service;
	 (2) the California Department
of Water Resources;`(3) the Bureau of Land Management; and (4) various
' county governments and private industrial groups.
In Chapter 2, a report is given of water supply studies that are
being performed by the Davis campus group.
	 The contents of that chapter
I reflect the orderly transition that has been occurring during the past year
(with NASA approval) as the Davis campus team has been bringing to a close
its studies as funded under this NASA grant, and transferring its remote
sensing-related activities to follow-on programs of the '"ASVT'" type under
separate funding.
	 Thus their redirected efforts represent a logical step
toward bringing about the acceptance of modern remote sensing techniques by
various user agencies, especially those techniques dealing with the estimating
^ of water supply.PP Y•
Chapter 3 describes work that has been performed during the present
reporting period by personnel of the Remote Sensing Research Program on
the Berkeley campus.
	 As previously mentioned, the emphasis is very largely
on the preparation of procedural manuals.
	 Hence, Chapter 3 includes the
following items:
(1)	 An updated procedural manual tithed "Remote Sensing as an Aid in
Determining the Areal Extent of Snow";
(2)	 "Remote Sensing as an Aid in Determining the Water Content of
s Snow";
(3)	 the outline for a procedural manual titled "Remote Sensing as an
t Aid in Watershed-wide Estimation of Water Loss to the Atmosphere";
(4)	 the outline for a procedural manual titled !"Remote Sensing as an
Aid in Watershed-wide Estimation of Solar Radiation"; and
r	 ; (5)	 the outline for a project that continues to be actively pursued
s that will lead to the production by 30 April 1979, of a procedural
manual titled "Remote Sensing as an Aid to the ' Inventory and Management
'	 f	 I of an Area's Multiple Resource Complex".
r
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In addition, Chapter 3 provides a report on work done by personnel
of the Remote Sensing Research Program relative to (1) Watershed Boundary
Determination; (2) Geometric Correction of Landsat Data for Watersheds;
(3) Vegetation/Terrain Analysis of Watersheds; and (4) the Collection and
Analysis of both Ground Climatic Data and NOAA-4 Satellite Data for Water-
sheds.
r
	
	
Chapter-4 consists of an account of work done during ta le present reporting
period by personnel of the Geography Remote Sensing Unit (GRSU) on the Santa
Barbara Campus of the University of California. Most of that work is an out-
growth of the remote sensing-related water demand studies which that group
has been performing in the San Joaquin Valley and other parts of central
California during the past several years. Their efforts are now being concen-
trated on the preparation of a Procedural Manual for use in developing a Geo-
base Information System. To ensure that this work would be of practical value,
personnel of the GRSU have worked closely with resource-related agencies and
officials in Ventura County, California.
In developing this Procedural Manual GRSU personnel have placed major
emphasis on learning about the resource information needs at County level
Then, building on their previous work, they have sought to determine the ex-
tent to which a meaningful Land Cover Classification for use in Ventura County
could be made from an analysis of remote sensing data as acquired by the Landsat
Multispectral scanner. Recognizing the ready availability of information about
topography and other terrain characteristics (e.g., through the use of DMATC
Digital Terrain Tapes), they have then demonstrated how that information could
be merged with the Landsat-derived land cover information.
As a practical use of the merged data, consideration is given in Chapter 4
to methods of identifying various wildlife habitat zones by interrogating these
.,j	 registered sets of data. The chapter concludes with a detailing of the step-
wise procedure that should be followed in developing a Geo Base Information
System that will be of _maximum use at the county level.
a'
In Chapter 5 of this Progress Report, two major topics are dealt with U
by the Remote Sensing Group on the Riverside campus, 	 Both of these topics
4 are outgrowths of studies which that group has made during the past several
years on uses that can be made of remote sensing in estimating water demand.
The first of these topics deals with techniques for mapping land use
from remotely sensed imagery.	 Several months ago these techniques served as
the basis for a Procedural Manual which was prepared in preliminary draft
form and which has since been submitted to a potential user, agency, viz, ffi
the Los Angeles Division of the California Department of Water Resources.
c While general reaction to the Procedural Manual was quite favorable,_ there
K was a concensus that:
(1)	 it is not sufficiently detailed;
(2)	 in some portions of it the procedures to be followed need to be
expressed more clearly, and
(3)	 the time required . and associate costs ; incurred for each of the
-. various` procedural steps should be documented.
r
t	 I^[
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Eixch of these suggestions is eliciting a positive -responso by the
Riverside group, For example, in the present Progress Report, the time re-
quiret,-n. - and production costs are reported, in one representative in-
t	 stance, for each of the seven steps entailed in producing a land use map
by metros of computer techniques.
The second major topic dealt with by the Riverside group in this Pro-
.;	 gress Report is a Spatial Information Processing System. As part of the
Riverside group's efforts under this NASA grant during the past several
months, 'that system has been steadily evolving and is now almost fully de-
veloped. The system consists of a suite of related computer programs which
can be used to performselected tasks with respect to processing information
about the natural resources of an area. Since much of that information is
derived through remote sensing, the development of this Spatial Information
Processing System (SIPS) has become a vital part of this "integrated study".
As specific evidence of this fact, the present Progress Report describes in
considerable detail how SIPS can be advantageously used in relation to four
major tasks of concern to the resource manager: (1) Map Data Encoding; (2)
r	
Geographic Data Base Creation; (3) The Production of Graphic Output in the
Form of Computer-Generated Maps; and (4) Data Structure Conversion.
Based on this work the Riverside group is in the process of preparing a
Procedural Manual dealing with the computerization of remote sensing-derived
information and related data on land use for inclusion in its 30 April 1978
report.
In Chapter 6 the Social Sciences Group on the Berkeley campus reports
on its efforts during the present reporting period relative to the trans-
ferring of remote sensing technology to resource management agencies in
California. Those efforts have resulted primarily in analysis of the
following;
(1) the remote sensing-based technology itself, dealing with it both
as an entity and in its various manifestations
(2) the "user community" which is a term that has been stretched to
include both real and '.'ideal" users of modern remote sensing tech-
nology;
(3) the factors which can either implement or impede the dissemination,
adoption, and application of remote sensing, information; and
(4) the methodology of evaluation and assessment that might best be
j. applied when seeking to measure the degree of acceptance of modern re-
mote sensing technolgy.
As in our previous progress reports we have included herewith a chapter
(Chapter 7), dealing with "'Special Studies". In each instance, these Special
j	 Studies have pertained to stork that is closely related to that which we are
performing under the grant, but not fitting directly under the grant's overall
title of "an integrated study of earth resources". Four such special stlzdies
are reported upon in Chapter 7 of the present report, VIZ:'
ICU
(1)	 'Consid.erations in the Development of a Decision-Oriented Resource
Information System, Incorporating- Remotel y Scr7.sed Data in Ventura
r
County, California,"
I
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It was performed by personnel of the Geography Remote Sensing
Unit on the Santa Barbara Campus. As detailed in Chapter 7,
this Special Study analyzes the various considerations that
enter into the development of a Resource Information System.
These inlcude:
(a)	 Responsibilities of Resources Manangement Agencies,
(b)	 Informational Requirements on these Agencies,.and(c)	 Land Classification Schemes that can both Satisfy
these Requirements and Lend Themselves to the Use
of Remote Sensi ng.
Types of features studied by the GRSU (using Ventura County,
California, as the test site) included the following: Agri-
cultural, Urban, Transportation, Plant Communities, Physio-
graphy, and Climate. 	 This Special Study concludes with:
A description of the Developing County System, u(a)(b)	 the data categories found most useful,
Cc)	 some considerations in data interrogation and analysis,
and(d)	 requirements with respect to technical support, edu-
cation and training.
(2) The second Special Study appearing in Chapter 7 is titled "Re-
mote Sensing as a Demonstration of Applied Physics".	 It con-
stitutes a ten-page abstract of a much lengthier paper that
has been prepared by R.N. Colwell, the Principal Investigator
for the present NASA Grant, on invitation from the American
Physical Society.	 The full paper is to be presented on 25
January 1978 at the joint national meeting of that Society
4 with the ^Lmerican Association of Physics Teachers. 	 The paper
considers the basic principles of physics for which practical
applications are found in each of four remote sensing-related
areas, VIZ
(a)	 remote sensing platforms,(b)	 remote sensi -ng devices,
(c)	 the analysis of remote sensing data by humans, and(d)	 the analysis of remote sensing data by machines.
The point is made that the field of remote sensing not only
has great popular appeal but also great appeal as a topic for
classroom discussion. 	 Hence, material contained in the paper
should be of considerable interes to both the teachers of
physics and their students. 	 Such material, and especially the
many specific remote sensing-related ecamples that are given Ain the paper should provide a physics teacher with some of the
better answers that might be given to those commendably demand-
ing	 students who are inclined to ask, at the end of each class-
room session, "so what?". 	 Many of the examples used pertain &^, 'I Fb
to NASA's Landsat system and to information which our group,
Under the present NASA grant, has been deriving from Landsat-
acquired data relative to the earth's natural resources.
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(3) The third Special Study appearing in Chapter 7 is titled
"Satellite Land Use Acquisition and Applications to Hydrologic
Planning Models". It summarizes work done during the past
several years, much of it under the present NASA grant, by
Dr. Ralph Algazi and his associates on the Davis Campus of the
University of California. The paper was prepared for presen-
tation at an international symposium on remote sensing and
already has commanded a great deal of interest.
V+j	 The fourth and final Special OLUUY appearing in Chapter /
of this grant report deals with certain activities of yet
another of our grant participants, Dr. Ida Hoos of the
Berkeley Campus. Her special study is titled: "Summary
of Observations on the Recent AIAA-NASA Conference on
'Aerospace Technology Transfer to the Public Sector'
Among the specific aerospace technology applications con-
sidered in this analysis by Dr. Hoos are:
(a) communication technology,
(b) housing and urban construction,
(c) health technolgy,
(d) transportation, and
(e) natural resource planning and management.
